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1 

SUMMARY 


The primary objective of this study is to identify and define for NASA the preliminary 
requirements and technology advances required for cost-effective space power manage- 
ment systems for multi-100 kilowatt requirements. This study effort evaluated, defined, 
and analyzed power management systems (PMS) as defined by technical study tasks 1A, 
IB, 2, and 3 outlined in the contract work statement. 

1.1 TASK 1A 

Task 1A defines overall system requirements, evaluates system design candidates and 
defines one or two system topologies which appear most promising from a cost-effective 
point of view for detailed analysis during the remainder of the study. 

This study element defined system requirements by establishing a baseline space 
platform in the 250 KWe power range, examining typical user loads and interfaces and 
providing a PMS requirements specification documenting important parameters of the 
system, based on the source and load interfaces. 

It also selected two PMS configurations from a candidate list of approximately 
eighty possible options (which preliminary analysis showed had possibilities to provide 
low life cycle cost) for detailed trade-offs and analysis in study part IB. We judged 
that these systems met the study goals and together, contained all the important power 
system technologies which should be evaluated. They are: 

a. Centralized D-C distribution and control system, including 

(1) Hardwired DC array 

(2) Slip rings for rotary joint power transfer 

(3) Battery or fuel cell conditioning 

(4) Centralized regulator unit 

(5) Payload interface units containing only switching provisions for 
load isolation 

(6) High voltage dc power transmission between solar array, batteries, 
and the central PMS unit. 

b. Distributed A-C distribution and control system, including 

(1) Hardwired DC array 

(2) Energy storage on array side of rotary joint, including battery or 
fuel cell conditioning 

(3) Integrated inverter/regulator/rotary transformer 
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(4) High voltage three-phase AC power transmission across rotary joint 
and throughout satellite 

(5) Distributed power conditioning and isolation at each load interface unit 
1.2 TASK IB 


Task IB provides the detailed analysis to determine the best approach for cost-effective 
performance and to define the requirements for major system components. It includes 
analyses and trade studies involving life cycle costs, with consideration given to ap- 
proaches to lower PMS weights and improve efficiencies. Of the seventeen separate 
analysis topics identified, the most critical design parameters identified for detailed 
analysis include: (1) increased distribution voltages and space plasma losses, (2) the 
choice between AC and DC distribution systems, (3) shuttle servicing effects on reliability, 
life cycle costs, and (4) frequency impacts to PMS and payload systems for AC trans- 
mission. 

These evaluations resulted in the recommendation that the first choice for a power 
management system for this kind of application and size range is a hybrid AC/DC com- 
bination (pictured in Figure 1-1) with the following major features: 

a. Modular design and construction - sized for minimum weight/life- cycle- cost 

b. High voltage transmission (1000 Vac RMS) 

c. Medium voltage array (<440 Vdc) 

d. Resonant inversion 

e. Transformer Rotary Joint 

f. High frequency power transmission line (>20 KHz) 

g. Energy storage on array side of rotary joint 

h. Fully redundant 

i. 10-year life with minimal replacement and repair 

Since DC would be a second choice for this application and have specific applications 
for other space vehicles and payloads, it is necessary to also include important dc tech- 
nologies and the alternate DC system has been refined and evaluated in the later parts of 
the study. It is pictured in Figure 1-2 and has the following major features: 

a. Modular design and construction - sized for minimum weight/life- cycle- cost 

b. High voltage transmission, storage, and array (750 Vdc) 

c. Fully redundant 

d. 10-year life through minimal replacement and repair 

e. Power system isolation must be provided by the payloads and users. 
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Figure 1-1. Hybrid AC/DC system. 
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1.3 TASK 2 


Task 2 evaluates the PMS requirements resulting from Task 1 and identifies technology 
gaps. The technology gaps identified were then analyzed to determine those technologies 
which can be available between 1984 and the late 1980s. Development cost and schedule 
are provided for technologies that can be available with NASA assistance by 1984, with a 
separate category showing those ready in the mid-to-late 1980s. Technology development 
candidates identified were also ranked with respect to cost-effective benefits, and long- 
lead items identified for high priority tasks. 

Thirty-one separate, applicable technology gaps were identified as follows: four 
were judged to not need NASA assistance because normal industry progress would close 
them in a timely way. Three were judged too large to meet a late 1980s technology 
readiness even with NASA support. All are non-critical, non-enabling technologies. 

The remaining twenty-four were prioritized and estimates of costs and schedules leading 
to technology readiness in the mid-to-late 1980s were developed. The highest priority 
items on the list are: 

a. AC System 

(1) Integrated "split" resonant DC-AC-DC/AC converter system development 

(2) Rotary transformer development 

(3) Payload connector development 

(4) Coaxial transmission line development 

(5) Remote power controller improvement 

b. DC System 

(1) Improved performance semiconductor switch elements 

(2) Remote power controller improvement 

1.4 TASK 3 

Task 3 provides for reporting, including technical, financial, and schedular progress 
throughout the study. 

It has provided monthly reports, three reviews at LeRC, a final briefing at NASA 
headquarters in Washington, D. C. , and this final report. 

1.5 CONCLUSION 

In conclusion, it is recommended that the NASA pursue the technologies related to both 
AC and DC power management systems. Since each system type fits different mission 
needs, this approach will allow a choice to be made at some future date, so that it will 
best fit the mission requirements as defined at that time. 
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INTRODUCTION 


Space station studies have identified missions and configurations requiring a significant 
increase in electrical power compared to that of existing spacecraft. The power sys- 
tems required for these missions represent a large step forward in physical size as 
well as electrical power. Recent space station studies (References 1 and 2) have con- 
centrated on the candidate power sources and the load requirements, but have not de- 
fined the requirements for distribution and processing. Earlier power distribution and 
processing studies for aircraft and/or spacecraft (Ref. 3-7) have indicated the general 
direction for technology advances. The recommended technology advances from these 
studies included the use of higher voltages, solid state power switching, automatic 
remote computer control, multiplexed control signals, and continuous computer check- 
out. These advances are expected to yield significant improvements in reliability, 
weight, and cost. But these studies did not contain detailed information that is needed 
to identify specific characteristics and technology needs for a space station. These 
characteristics and technology needs must be identified and developed so that they are 
available when needed for space station application. This study determines the required 
characteristics and technology needs of multi- 100 kW power transmission, distribution, 
processing, and conditioning for cost effective, near term space station applications. 

The study is divided into three separate tasks, and this report is divided into 
sections consistent with those tasks. 

2.1 TASK 1. PART A 

Task 1, Part A develops basic system requirements, then sifts the large number of 
possible system topologies to select one or two of the most cost-effective ones which 
satisfy the requirements. Cost-effectiveness was considered to be a primary driver, 
here and throughout the study. 

2.2 TASK 1. PART B 

Task 1, Part B does detailed trade-offs to select system operational parameters and 
provide component requirements and characteristics. Detailed life cycle costs are 
developed and a recommended and alternate system are chosen. The chosen systems 
are evolved versions of the Part A ones, with improvements based on the detailed 
analyses. 
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2.3 TASK 2 


Task 2 assesses the state of the art of the supporting technologies compared to the com- 
ponent requirements and identifies the areas where gaps exist. It then examines the 
efforts needed to close the gaps by the mid-to-late 1980s, and provides cost and schedule 
estimates in those where the NASA must be active to assure a timely completion. 

2.4 TASK 3 


Task 3 examines each contract task above in detail and reports the technical details, 
results, conclusions, and recommendations for each work statement/work plan item. 

It is organized in the same chronology as the contract work statement to ease evalua- 
tions and comparisons with requirements. 

NOTE: In each report section, introductions enclosed in quotation marks (") represent 
quoted requirements from the contract work statement. 
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STUDY RESULTS 


3.1 TASK 1. PART A 


Task 1, Part A; system analysis and definition, establishment of approaches. This 
part of the study was performed as shown in Figure 3-1. 



Figure 3-1. Task 1, Part A methodology. 


3. 1. 1 SYSTEM REQUIREMENTS. The first step in the development of Power Manage- 
ment System (PMS) approaches is the definition and documentation of a set of system 
requirements against which candidate system topologies can be measured. The con- 
tract specifies broad, overall requirements: 

a. Space platform in low earth orbit 

b. Mid-to-late 1980s technology readiness 

c. Ten- year useful life 

d. Shuttle launch 

e. On-orbit maintenance/repair/retrieval capability 

f. Planar, silicon photovoltaic array 

g. Array and storage sizing based on continuous operation of load power in the 
study range of 100-250 KWe (average) 

h. Clean sheet approach — no combining of several smaller power systems 

i. Approach consistent with extended visits by man 
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For proper system evaluation, a more detailed specification is required. It needs 
to include quantities such as payload interface characteristics, physical sizes and 
equipment positions, typical load profiles, etc. Using the data from References 1 
through 7, appropriate NASA specifications (References 8 through 14), and data from 
Convair in-house studies, such a detailed PMS specification was created and used for 
system synthesis and evaluation. This specification is included in this report as 
Volume 3. Figures 3-2, 3-3, and 3-4 summarize some important overall results. 



SPACE CRANE 
BERTHING MODULE 
THERMAL RADIATORS 


SOLAR ARRAY 


STRUCTURE 

UNDER 

CONSTRUCTION 


CONSTRUCTION 
MODULE 

DOCKED MODULES: 

• CONTROL CENTER 

• CREW HABITAT (2) 

• MULTIDISCIPLINE LAB 

• MATERIAL 
PROCESSING LAB 

• LOGISTIC 

DOCKED ORBITER 


Figure 3-2. Baseline space platform configuration. 


3.1.2 SYSTEM CANDIDATES FOR PRELIMINARY EVALUATION. Major candidates 
for overall system topologies may be broken down into two broad techniques, or com- 
binations of them. They are: 

a. Central (or lumped) distribution, where power conditioning, power storage, 
and switching functions are grouped and centrally located near the loads. 

b. Distributed, where part or all equipment required for conditioning, storage, 
and switching is distributed about the space platform and located at the load 
interfaces. A variation of this latter approach may include incorporating por- 
tions of this equipment within the Load Equipment package even though it is 
part of the PMS and accounted for and costed as such. 
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The question of central vs. distributed systems applies to the power sources as 
well as to the loads. At present, the conventional approach has treated the solar array 
essentially as a single source, with power busses connected to the vehicle through some 
rotating joint arrangement. Other options are clearly available, even desirable, for 
large systems. For example, array-located PMS components can include power con- 
ditioning equipment/circuits , switch gear for PMS reconfiguration, and possibly even 
energy storage devices if array structure and temperatures permit. 

A third category of candidate approaches consists of adaptive PMS and non-adaptive 
PMS design concepts. In the conventional non-adaptive approach, power management 
control would be limited to switching in or switching out PMS components and busses to 
various loads. In the adaptive approach, the PMS would be designed to allow automatic 
or directed reconfiguring to meet the needs of changing space platform operational re- 
quirements. Benefits from the adaptive approach may include: 

/ 

a. Real-time automated reconfiguration or load shedding to counteract failures or 
other anomalies. 

b. Ability to easily reconfigure the space platform to accept changes in payload 
functions and/or power requirements throughout the life of the platform. It 

is expected that ten years in orbit will see many new payloads and experiments 
requiring different power types and distributions. 

c. Ability to reconfigure to maintain service while portions of the array or energy 
storage hardware are undergoing repair or maintenance. 

Additionally, there are options in high level details which can apply to any of the 
above major categories, thereby creating many possible detailed system configurations. 
They include: 

a. DC or AC or a combination of both 

b. High voltage or low voltage transmission, generation, storage, or distribution 

c. If AC, single phase or multiphase 

d. If AC, power line frequency and characteristics 

Therefore, we have created the following list representing the possible system 
major design alternatives. They are hereby presented, without regard to priority or 
desirability. Letters in parentheses are shorthand notations used on later matrix 
charts. 

a. Centralized conditioning and storage equipment (CC&S) 

b. Centralized source power from array (CA) 

c. Distributed conditioning and storage equipment (DC&S) 

d. Distributed source power from array (DA) 
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e. Non- adaptive control (NA) 

f. Adaptive configuration control (A) 

g. Direct current (DC) 

h. Alternating current (AC) 

i. Multi phase AC (M0) 

j. Single phase AC (10) 

k. Low frequency AC - 60 Hz (LF) 

l. High frequency AC > 400 Hz (HF) 

m. High voltage transmission > 440 V (HV) 

n. Low voltage transmission < 440 V (LV) 

These approaches and parameters can be combined in a matrix as shown in Figure 
3-5a, yielding 80 possible system configurations. 

This maximum number of combinations can be distilled into a more manageable 
number as follows: 

a. System voltages will be determined by analysis of plasma effects and load 
requirements as a later part of this study and will not effect basic topological 
decisions. Therefore, columns A and B can be combined into "DC with the 
appropriate voltage". Columns C through K can be treated similarly. 

b. Since the choice of AC system frequency affects detailed component design 
and has no significant effect on overall system configuration, it can also be 
treated in this manner. 

c. Row 2, defining a totally centralized adaptable system was removed from 
further consideration since the inherent inflexibility of this approach makes 
it complex and excessively expensive. 

d. The inherent flexibility of a totally distributed system and its easy adaptability 
make Row 7 non-competitive with the other options, since it still carries the 
extra hardware penalty of the distributed approach, while eliminating one of 
the major advantages. 

Therefore, Figure 3-5b can be drawn as a distillation of Figure 3-5a, and it 
represents a more reasonable matrix of 18 possible systems. 

At this point in the study, we decided to evaluate the separable options independent 
of one-another rather than defining a reduced number of total system concepts. The 
most promising of these were combined into the one or two candidate approaches 
developed in Task 1, Part A. 
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•COLUMN 


COLUMNS B & C‘ 


7.. DC&S - DA - NA ^REMOVED - N ON- COMPE TITIVE WITH (6) AND (8) 
8. DC&S - DA - A 


Figure 3- 5a. System option matrix. 



Figure 3- 5b. Reduced system option matrix. 


The system elements examined in detail were: 

a. Distributed array element interconnection with integral regulation and condi- 
tioning vs. conventional hardwired busses. 

b. Centralized regulator/conditioning/distribution equipment vs. distributed 
configuration with control at or integral with the loads. 

c. Adaptive switching and control. 

d. All DC system. 

e. All AC system (10 and multi 0). 

f. DC- AC hybrid system. 

3 . 1. 3 ESTABLISHMENT OF APPROACHES. In order to further reduce the number 
of options for cost effective system designs that meet the performance requirements of 
subsection 3 . 1 . 1 , the work statement for this element of the study lists seven specific 
topics for evaluation of candidate systems. This section will present each of those 
seven along with the results and conclusions about each of them. In order of the con- 
tract, they are: 

3. 1. 3. 1 "Identify and evaluate the major electrical power system life cycle cost 
drivers (e. g. , acquisition cost, transportation (to orbit) cost, maintenance cost) 
involving the PMS in order to identify a cost effective approach. " 

If we assume that only one platform is built and flown, major cost drivers are, 
in order of their importance: 

a. Design/Development Costs (45%) 

b. Production/Hardware Costs (43%) 

c. Operations and Transportation Costs (10%) 

d. Maintenance Costs (2%) 

In this portion of the study, comparative costs were estimated using cost estimating 
relationships (CERs) developed by Convair (see Reference 19) from past experience and 
cost analysis studies for design and manufacturing, and the "STS User Handbook" for 
transportation and operations costs. 

At this point, it is important to note that the costs calculated were preliminary 
estimates, based on configuration data for typical units for the types of components 
making up the various system options. Therefore, while they are useful to determine 
the relative cost effectiveness of the candidate system approaches, they could not be 
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used to assess the real, absolute costs of that hardware. In order to avoid the con- 
fusion of multiple sets of cost data, all numbers used in this part of the study are 
normalized so there will be no conflicts with the detailed cost data calculated in study 
Task 1, Part B. The CERs used in this case for this class of equipment were: 

(Ref. 19) 

Design Cost = 0. 016 F D W°* 799 

where: 0. 016 is a scaling constant based on empirical data for this class of 

power control equipment, normally between 0. 012 and 0. 020 
W is unit weight 

0. 779 (the weight factor exponent) is based on empirical data reflecting 
the average economy of scale for this class of equipment 
Fp is the design complexity factor, nominally 1. 0 and a function of: 

a. Packaging density requirements (Dp) 

b. Number of interconnections/interfaces (Np) 

c. Incorporation of off-the-shelf components (Nqsc) 

d. Degree of modularity (Mod) 

e. Reliability Requirements (Rp) 

f. Degree of redundancy & redundancy management methods (Rp) 

g. Assembly location (ground or orbital) (La) 

h. Storage interface requirements (Sp) 

i. Amount of DET & QUAL Testing required (Tp) 

j. Load characteristics & uniformity (Cp) 

k. Crew safety requirements (Sp) 

And the magnitude of Fp was calculated according to the equation: 

Fp = 1 + (Dp + Np + Npgp + 0.5 Mp + Rj^ + 1. 5 Rp + La + Sp + 

0. 5 Tp + 1. 25 Cp + 1. 5 Sp) 

Where each constant in the above equation is assigned a value as follows: 

-0.2 Major contribution to lower cost 
-0. 1 Intermediate contribution to lower cost 
0 No cost difference for subject trade 

+0. 1 Intermediate contribution to higher cost 
+0. 2 Major contribution to higher cost 

Hardware/manufacturing costs = 0. 005 Fm W 9 * 

where F^ is the manufacturing complexity factor, nominally 1. 0 and a 
function of: 

a. Package Density (Dp) 

b. Number of connectors & interconnections (Np) 

c. Off-the-shelf components (Nqsc) 

d. Modularity (Mpp) 
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e. Special testing costs to verify reliability and/or 
redundancy (Tp) 

f. Number of units (Nup) 

g. Assembly location (ground or orbital) (La) 

h. Load uniformity (special thermal requirements) (Cl) 

i. Crew safety requirements (Sc) 

And the magnitude of F M was calculated according to the equation: 

Fm = 1. o + (Dp + Nc + N 0SC + 1 * 25 Mod + °* 50 Tp + 0. 5 N-JJP + 

La + o. 5 Cl + s c ) 

Where each constant in the above equation is assigned a value as follows: 

-0. 2 Major contribution to lower cost 
-0. 1 Intermediate contribution to lower cost 
0 No cost difference for subject trade 

+0. 1 Intermediate contribution to higher cost 
+0. 2 Major contribution to higher cost 

All the other constants are derived in the same way as the ones for design cost. 

It can be observed that the above equations (CERs) identify weight as a major cor- 
relating factor related to cost. However, this does not imply that we think that power 
management hardware is sold by the pound. If we use the appropriate constant and 
exponent to scale the equation, our experience has shown that weight closely correlates 
with the magnitude of the design effort and the amount of hardware to be built or raw 
material to be bought, for a particular class of equipment, based on its complexity 
and function. A combination of analysis and historical data (Ref. 19) has provided 
CERs appropriate to equipment used in space systems. See Table 3-1 for a list of 
design CERs, and Table 3-2 for manufacturing. 

Transportation to Orbit Costs 

Since this family of equipment is significantly more dense that the optimum of 105 kg/m 2 
(6. 54 lb/ft 3 ) for shuttle payloads, weight is directly used to determine transportation to 
orbit costs. Based on data from the "STS User Handbook”, we used $1000/kg ($444/lb) 
for this part of the study. 

Maintenance Costs 

For reasonable quality units (MIL- SPEC level), individual unit MTBFs are high enough 
so that maintenance costs are small enough to be nearly negligible for modularized 
functions and preliminary cost analysis of this accuracy. 

Cost analysis results are summarized in Table 3-3 (page 3-19). 
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Table 3-1. Design cost CERs (all calculations in 1979 dollars x 10®). 


EQUIPMENT 

CLASS 

CER 

REMARKS 

GUIDANCES 

NAVIGATION 

1.55 FW0.68 

F = COMPLEXITY FACTOR 

COMMUNICATIONS 

0.16 FW0.89 

W = WEIGHT IN POUNDS 

SOLAR ARRAY 

1 .43 pO-93 

' P = POWER CAPACITY (kW) 

BATTERIES 

0.03 FR0.087 

R = RATING IN WATT-HRS 
F = 1.0 SOANiCd (OFF SHELF) 

14.0 NEW DESIGN NiCd 

56.0 NiH 2 

FUEL CELL 

0.43 FW0.67 


ELECTRICAL DIST& 
CONV 

0.016 FWO-799 


MECHANISMS 

0.06 FW0.5 


CONTROLS 

0.1 FW0.5 



Table 3-2. Manufacturing cost CERs (first unit costs). 
All calculations in 1979 dollars x 10® 


EQUIPMENT 

CLASS 

CER 

REMARKS 

GUIDANCE & 
NAVIGATION 

0.03 FWO-93 

F = COMPLEXITY FACTOR 

COMMUNICATIONS 

0.05 FW0.79 


SOLAR ARRAY 

0.85 FP0.85 

P = POWER (kW) 

BATTERIES 

8.8 X 10-4 
FNR0.578 

R = RATING IN WATT-HRS 
F = I.ONiCd 
2.5 NiH 2 

N = NO. OF BATTERIES 
W = WEIGHT IN POUNDS 

FUEL CELL - 

0.02 FWO-74 


ELECTRICAL DIST& 
CONV 

0.005 FW0.921 


MECHANISMS 

0.004 FWO-667 


CONTROLS 

0.006 FW0.667 
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Table 3-3. Preliminary cost comparisons 



Hardware Quantity* 

Weight 

Normalized Cost! 

System Option 

(Equiv. KWe) 

(kg) 

Design 

Mfg 

Total 

1. Centralized DC 

420 

1512 

0.53 

0.47 

1.00 

2. Distributed DC 

520 

1872 

0.66 

0.57 

1.23 

3. Distributed AC 

(Docking Module Storage) 

1140 

4320 

1.06 

0.99 

2.05 

4. Distributed AC 
(Array Side Storage) 

780 

2340 

0.79 

0.70 

1.49 


*Total system hardware capacity expressed in kW, allowing for 
complexities of various elements. 
tCosts normalized to total cost of Centralized DC. 


As a result of the above described analysis, the top four system configurations, 
from the point of view of minimum ten year life cycle costs (LCC) were picked and are 
listed below: 

a. Centralized regulation and control; DC power transmission and mixed distribution. 

b. Distributed regulation and control; AC power transmission and distribution. 

c. Centralized regulation and control; AC power transmission and mixed distribution. 

d. Distributed regulation and control; DC power transmission and distribution. 

3. 1.3.2 "Compare an all DC system to a mixed AC-DC system including effects on 
the loads." 

From the preceding preliminary cost analysis, we can conclude that the lowest cost 
DC system costs 33% less than the least expensive mixed AC-DC system. However, the 
two systems do not provide equal capability, particularly at the load interfaces. 

A system which utilizes AC distribution takes advantage of its full potential by pro- 
viding distributed power conditioning at each payload interface. In this way, trans- 
former coupling can be used to provide the maximum degree of flexibility to match 
source and load equirements and to allow simple DC power system isolation. A large 
degree of AC isolation can also be provided by adding tuned transformers to reject all 
frequencies except the power line frequency. 

The less expensive DC system utilizes centralized power conditioning and control, 
providing several outputs (probably four) to meet average payload requirements. 

Because of the shared busses, a particular payload interface cannot be modified without 
effecting the others sharing the bus. In addition, no inherent isolation is provided at 
the interface. 3-11 


A DC system having the same capability as the AC one demands a distributed ap- 
proach with DC to DC converters at each payload. The addition of this more complex 
hardware form nearly removes the DC cost advantage. Even with that, a routine 
analysis of the two systems would show the DC one to be cheaper and more efficient 
primarily due to the added hardware converting DC on the array to AC for transmission 
and distribution. 

Our preliminary analysis has shown that incorporation of creative system changes 
(such as moving the energy storage hardware to the DC/array side of the rotary joint, 
and the use of high frequencies, greater than 10 kHz) coupled with design improve- 
ments in power conditioning hardware can make the mixed AC-DC system cost competi- 
tive with the least expensive DC system. 

3. 1. 3. 3 "Voltage Changes. " 

a. "Evaluate the advantages and disadvantages of increased power system voltage 
levels (including first order effects on source, storage, and loads) for DC and 
mixed AC-DC systems. Examine the effects on the PMS of increasing the 
solar array output voltage to levels up to 1000 volts." 

On a first order basis, it is obviously safe to say that within practical limits, 
PMS weight, efficiency, and, therefore, cost improve with increased voltage. 
Higher voltage and its corresponding lower current reduce bus weights and 
improve efficiency by reducing switching losses. Efficiency improvements 
reduce solar array, battery, and thermal management requirements, thereby 
decreasing total space platform weight and costs. 

Voltage limiting effects include component voltage ratings and plasma effects 
which will be analyzed and traded- off with the above positive voltage drivers 
in detail in study Part IB. 

b. "Examine the desirability of voltage step-up and/or step-down to minimize 
transmission losses. " 

Voltage step-up and/or step-down at the solar array and load interface has 
the capability to minimize the conflict between the benefits of high voltage and 
the problems associated with component ratings and plasma losses. The 
array could be wired to maximize reliability and minimize plasma losses, 
independent of output voltage. At the load end, control and/or conditioning 
hardware could be designed to take the best advantage of component voltage 
and current ratings, independent of transmission voltage. Therefore, 
step- up/step- down is obviously good, providing that the implementation 
hardware does not add its own efficiency penalties larger than the savings. 

For an AC system, with its built-in transformer coupling, step-up or step- 
down can cost almost nothing if the system designer is creative. Therefore, 
it is an option worth adding in this case. 
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However, DC systems must use specific active hardware to change voltages 
such as a CDVM. Preliminary analysis on the step-up side shows that this 
can add losses in the neighborhood of 5% in the best case, and a more detailed 
analysis must be performed to see if this can be offset by other system improve- 
ments, At this level of analysis, we have preliminarily determined that the 
most cost and weight efficient DC system would have the source, storage, and 
load power conditioning inputs operating at the same high voltage. However, 
the longer strings of series solar cells or panels and battery cells to generate 
the higher voltage represent a reliability compromise that must be included 
in the trade-offs of Task 1, Part B. 

c. "Evaluate combinations of (a) and (b)." 

Obviously the system combinations discussed in (b) are appropriate for com- 
binations involving step-up/step-down at either end or both or for portions of 
the system, and final recommendations must await the detailed trade-offs of 
Task 1, Part B. 

3. 1. 3. 4 "Identify and evaluate approaches to voltage regulation and how the varying 
requirements of different loads could be met. " 

Three major categories of regulation approaches were evaluated as part of an 
overall system topological investigation which considered approximately 80 possible 
configurations. They are: 

a. Distributed regulation at the payload interfaces 

b. Centralized regulation at the platform docking module 

c. On-array regulation integral with the solar panels 

Selection of specific hardware implementations or components was not considered 
during this study phase as outputs of that nature are inherent in the early phases of 
Task 1, Part B. 

Evaluation of load profiles and patterns documented in the system requirements 
specification of Volume 3, has shown that the economies of shared operation of control 
and regulation hardware make the centralized approach attractive for this type of 
multi-purpose space platform with a wide variety of loads and duty cycles. On the 
other hand, requirements for load isolation and system flexibility make the distributed 
approach a still viable candidate, even though a simple system design would show it 
initially contained more hardware. Fewer changes during the system's lifetime and 
fewer restrictions on system users could ultimately make total system life cycle 
costs lower. 
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Our IRAD programs investigating on- array- regulation have shown that there are 
many technical questions which are currently unanswered. For example, management 
of the energy storage interface and integration of on-array control hardware onto thin 
solar blankets require significant technical development which puts this technology 
beyond the time frame of consideration for this study. 

Final system selection used both a. and b. above and is documented later in this 
section, in subsection 3. 1. 3. 8. 

3. 1. 3. 5 "Investigate the degree of modularity and commonality suitable for the various 
approaches. The contractor shall include in his investigation both a central station 
approach and a distributed system approach. " 

For any approach considered for this system design, a high degree of modularity 
is required. The major justifications are: 

a. System maintenance and repair can be accomplished -without total system 
shutdown. Branches and modules can be turned off and disconnected for test 
or removal and replacement with some reduction in system capability only, 
since modular failures -will still occur in highly reliable systems. (See b. , 
below. ) 

b. Acceptable ten-year reliability for single high power units (100-250 kW) is 
not possible -with mid-to-late 1980s components. Even if units are redundant 
at the component level, typical MTBFs are less than five years. Lower 
power modules (5-25 kW) can be sufficiently reliable for MTBFs to exceed 
20 years in parallel combinations of smaller modules, and appropriate 
spares can provide reliabilities sufficient to minimize the problem of 
maintenance. 

c. System life cycle costs can be optimized by optimizing modular size and cost 
for each class of application. 

d. Module size and mass must be limited to allow for handling in orbit by the 
station crew. Requirements will be examined in the modular size determina- 
tion paragraphs of Task 1, Part B. 

Therefore, all systems evaluated during this study were aggregates of smaller 
modules -with individual module sizes optimized based on ten year life cycle costs. 

3. 1. 3. 6 "The contractor shall consider the following types of storage for this application: 

1. Advanced NiCd 

2. NiH 2 

Regenerative fuel cells - water electrolysis 
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3 . 


Determine the impact of storage choices above on the PM approach and whether the 
different power management approaches favor certain storage methods. " 

Evaluation of the character of the three choices has shown that the basic nature of 
the PMS control for those options is the same. The interface is DC, and the controlling 
device is a regulator acting as a current source by utilizing current feedback as its 
control parameter. 

The major difference in characteristics is charge-discharge (C/D) efficiencies. 

We can project that advanced batteries of either type, operating to 70% depth of dis- 
charge (DOD) will have C/D efficiencies greater than 90%. The best we can expect 
from a water electrolysis cell/fuel cell combination will probably not exceed 50%. 
Therefore, in PMS configuration, batteries would be better than fuel cells, since 
approximately half of the PMS C/D hardware would be required. 

Looking at today's battery life characteristics makes predictions of 70% DOD for 
batteries seem somewhat optimistic. A typical life-cycle/DOD curve for NiCd batteries 
is shown in Figure 3-6 for current hardware. Life cycle cost optimizations using 
this type of current data indicate that the best DODs for this type of mission lie in the 
30% region. Significant battery improvement work is now under way and manufacturers 
are informally claiming equivalent life times with DODs above 60% in the late 1980s if 
individual cell control is used. Even if these expectations are not realized, and 30% was 
used in an actual system, average C/D efficiencies would still be in the range approaching 
80% and the basic conclusions about the PMS preferring batteries instead of fuel cells are 
still valid. 

From the other point of view, the inherent flexibility of an AC system makes it 
easier to interface with electrolysis cell/fuel cell systems since their input parameters 
are, at this point, not very flexible. Even though long series strings of battery cells 
are possible, better combinations based on reliability and operational charge control 
hardware are possible through the flexibility offered by AC system design. 

In summary, reduction of the quantity of PMS hardware favors batteries (either type); 
and the flexibility at the energy storage interface favors AC. 

3. 1. 3. 7 "Identify those crew safety factors that affect the selection of the PMS 
approach. " 

The problem of crew safety has been addressed by examination of the two major 
NASA specifications covering the design of manned systems: MSFC-STD-512A and 
JSC 11123 (see references list for complete titles and dates). The requirements apply 
equally to all the suggested system topologies and do not provide design difficulties for 
one more than another. Therefore, there are no drivers associated with crew safety 
that lead toward a particular topology at this level of selection. 
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Figure 3-6. Battery cyclic life curves. 


3.1. 3.8 Part A - Establishment of Approaches - Summary. "The contractor shall 
propose candidate approaches to space platform power management which shall be 
submitted to the NASA Project Manager for approval prior to their further study. 

For the approved candidates the contractor shall perform analyses on the major cost 
and design drivers of the power management system (PMS) and recommend not more 
than two cost effective approaches." 


The major separable system elements were evaluated as described in subsections 
3. 1. 3. 1 through 3. 1. 3. 7, above to: identify lowest life cycle cost, look at advantages 
of AC and DC, evaluate the use of high voltages, decide on appropriate topologies for 
regulation, establish a level of modularity, and to assess the impact of storage hard- 
ware and crew safety requirements. The results of each of these are described in the 
preceding paragraphs addressing the contract work statement items. 

In addition, we evaluated candidate approaches containing the technical options by: 
measuring them against system requirements, evaluating preliminary size and weight, 
and considering technical and operational advantages, including versatility, adaptability, 
and growth potential. 


3-16 



Since the contract establishes the importance of cost effective approaches, the 
primary system selected was the lowest cost one meeting the system requirements. 

It is: 

DC transmission and distribution system with centralized regulation and control 
(Figure 3-7) including: 

a. Hardwired DC array, 

b. Slip rings for rotary joint transfer, 

c. Battery or fuel cell conditioning, 

d. Centralized regulator unit, 

e. Payload interface units containing only switching provisions for load isolation, 

f. High voltage DC power transmission between sources and central unit. 

• With NASA concurrence, we included a second, alternate system to be evaluated 
in the detailed trade-offs and evaluations of the next major study sections. It is: 

AC transmission and distribution system with centralized AC inversion on the array 
side of the rotary joint and distributed regulation and control at each payload interface 
(Figure 3-8) including: 

a. Hardwired DC array, 

b. Energy storage on array side of rotary joint, including battery or fuel cell 
conditioning, 

c. Integrated inverter/regulator/rotary transformer, 

d. High voltage three phase AC power transmission across rotary joint and 
throughout satellite, 

e. Distributed power conditioning and isolation at each load interface unit. 

System evaluation showed good and sufficient reasons to include this second system 
for further evaluation. 

a. It has significant operational and technical advantages. It is the best system 
with regard to versatility, adaptability, payload isolation, and growth potential. 

b. It has the potential to be competitive with DC for cost, weight, size, and effi- 
ciency through creative system design (such as b. , above) and improved PMS 
component design (such as c. , above), even though cost analysis shows it to 
be more expensive at this point. See Table 3-3 for cost comparisons of the 
primary candidates. 
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Figure 3-7. Centralized DC distribution system. 
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3.2 TASK 1. PART B. SYSTEM ANALYSIS AND DEFINITION. PMS REQUIREMENTS 
DEFINITION 


As in the preceding section, results and conclusions will be presented in the order of 
the contract work statement to facilitate review. That work statement for this study 
element says: 

"Following approval of the Part A approach(es), the contractor shall perform 
detailed parametric and tradeoff analyses in order to define the preliminary 
requirements of the PMS and major PM components (Table 1) that promise 
cost effective performance. These efforts include development of new proce- 
dures, techniques, and analysis not directly related to component development. 

The major interactions involving the PMS with the source, storage, and loads 
shall be identified and evaluated in order to arrive at a cost effective power 
system. The contractor shall perform and document analyses and show con- 
clusions that lead to the identification of PM technology advancements." 

This part of the study was performed as shown on the block diagram of Figure 3-9. 
Overall requirements for component blocks were extracted from the requirements 
specification of Part 1A. They are shown on the block diagram of Figures 3-10 and 
3-11 for the two systems. Since optimum module sizes were determined as a result 
of the cost analysis and technical trades of this part of the study, actual module re- 
quirements were determined later and documented in the requirements section of the 
"PMS components characteristic data sheet". A complete set of these sheets is in- 
cluded as Appendix 1. 



Figure 3-9. Task 1, Part B methodology. 
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1. INTERMITTENT 500 kW FOR PLASMA EXPERIMENT. 

2. INTERMITTENT 75 kW FOR MICROWAVE POWER TRANSMISSION TEST. 

3. CONTINUOUS 50 kW FOR H2/O2 RE LIQUEFACTION EQUIPMENT. 

4. COULD REPLACE 2 kW 28 VDC REGL. 

Figure 3-11. Component block requirements - AC. 
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The interrelated middle blocks of the diagram comprise the detailed evaluations of 
this study element and are documented in subsections 3. 2. 1 through 3. 2. 17, presented 
below, preceded by the appropriate work statement task description. 

3. 2. 1 "Develop cost relationships and perform tradeoff analyses to minimize electrical 
power system life cycle cost. " 

Since the final calculation of total system costs is an iterative process, interlinked 
with the technical trades, this paragraph will discuss the general methods, models, 
and tools that were used, and final cost data will be presented at the end of Section 3. 2 
where the reader will have a better understanding of the system details, final configura- 
tions, and their evolution. 

General Dynamics recognizes the importance of cost to the viability of future NASA 
programs in general and space platform concepts in particular. Accordingly, cost 
considerations were an integral part of this study of the power management system to 
ensure selecting optimum and low cost concepts and the technology required to support 
them. 

Final cost calculations were accomplished through the use of subsystem level life 
cycle cost models to structure estimates of development, production, and operations 
costs of the PMS, together with the impact of those costs on space platform total 
program costs. 

To ensure that mission costs are minimized, we developed a model that estimated, 
organized, and displayed PMS costs, accounted for related array and storage costs, 
and used that model to guide and support the trades and analyses. 

Figure 3-12 depicts our cost estimating process. We developed a hardware- oriented 
work breakdown structure (WBS) that included all significant PMS elements and the other 
affected space platform elements. Component unit and development cost estimates were 
derived from in-house data, vendor/supplier sources, and extrapolations from current 
prices. Comprehensive data from our study of cost drivers was used. Parametric 
cost estimating relationships (CERs) were established as appropriate. By aggregating 
and factoring these costs into the PMS life cycle, total PMS costs were computed by the 
life cycle cost (LCC) model. The resulting costs are analyzed to support the trades and 
analyses. At the conclusion of the process, LCC is minimized, and the costs are 
published. 

The WBS (Figure 3-13) provided visibility of the system cost elements and their 
interrelationships. It also shows the impact of PMS costs on other space platform 
cost elements reflecting the cost buildup that otherwise might be visible only in a 
complete space system cost estimate. 
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Figure 3-12. System costs estimating. 



3-22 




































The RCA PRICE (Ref. 20) model was used to estimate the costs of PMS modules. 
CERs were used that parametrically relate cost to the characteristics of the hardware 

^ transformer rating). We used factors for the costs of PMS integration, assembly » 
and test, based upon the size, cost, and complexity of the components. Maintenance 
costs were estimated from considerations of unit costs, MTBF, and system usage. 

At the heart of the cost estimating process is the cost model (Figure 3-14) that 
calculates, organizes, sums, and prints the PMS life cycle cost. A computerized LCC 
model specifically tailored to the PMS was developed as an outgrowth of our space sys- 
tem cost modeling experience. 



NOTE: THE RCA “PRICE” MODEL WAS USED TO CALCULATE COSTS 
FOR THE TWO BLOCKS MARKED ( % ), “UNIT HARDWARE 
SUBMODEL” AND “PRODUCTION COST SUBMODEL”. SEE 
REFERENCE 20. 

Figure 3- 14. PMS cost model. 

The system payloads data and analysis (SPDA) cost model (Ref. 21) is a unique 
tool generally applicable to a wide variety of shuttle payloads that provides hardware 
development and fabrication costs as well as operational phase costs. Of particular 
interest is the cost data synthesis methodology developed for the payload ground 
operations/integration activities, which is based on detailed analysis of the individual 
tasks involved. 

The PMS cost model was adapted from the SPDA model. It identified cost elements, 
CER requirements, input requirements cost estimate format, and model logic for 
proper calculation and accumulation of costs. Because the model is based on the WBS, 
all cost elements are directly relatable to both the hardware activities and services 
required for the program and are sorted to each of the program life cycle time phases. 

The model calculates the cost for each cost element using CERs, throughputs of 
point estimates, or detailed estimates based on task manpower. These costs are then 
accumulated for a total estimate. This output is then provided to evaluate trade studies 
of concept selection or for PMS mission cost projections. Figures 3-15 through 3-31 
show the modular cost results. 
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NORMALIZED COST NORMALIZED COST NORMALIZED 


PRODUCTION COSTS DC-AC INVERTER 

250 kW + (1) SPARE 



Figure 3-15. Power output relationships. 



Figure 3-16. Voltage relationships. 



Figure 3-17. Frequency relationships. 
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Figure 3-18. Power output relationships. 



Figure 3-19. Voltage relationships. 
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Figure 3-20. Power relationships. 



Figure 3-21. Input voltage relationships. 
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Figure 3-22. Frequency relationships. 
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Figure 3-26. Power relationships. 
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Figure 3-28. Voltage relationships. 
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Figure 3-29. Frequency relationships. 
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POWER (kW) 

Figure 3-30. Power relationships 
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PROCUREMENT COSTS POWER DISTRIBUTION SWITCHES (PER SWITCH) 

(FROM COMMERCIAL VENDOR DATA) 



Final total system costs are discussed in Subsection 3.3.4, Final Cost Analysis, 
beginning on page 3-93. Costs for the two selected systems are shown in Tables 3-12 
and 3-13 in that subsection. Table 3-14 is a cost summary for the two systems and 
their major variations. Final cost conclusions are deferred to Subsection 3.3.4 so 
that they can be better integrated with the technical trades. 
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3. 2. 2 "Estimate the achievable weight and volume characteristics of the PMS and each 
of its major components. Determine any first order weight and volume effects on sys- 
tems or subsystems other than the PMS caused by tradeoffs involving the PMS. " 

In this task, typical designs for the major components of the power management 
system were examined to estimate weight and volume as a function of power output. 

Sizes and weights of components, housings, heat sinks, etc. , were estimated and unit 
predesigns based on complexity and component count were developed. Unit sizes and 
weights were then calculated. Using assessments of the state of the art and rates at 
which the various technologies are currently moving, estimates of weights and volumes, 
projected into the mid-to-late 1980s were provided. The outputs were normalized and 
plotted as specific mass and specific volume as a function of power output and are pre- 
sented in Figures 3-32 and 3-33 for. the major components in question. The non- 
structural portions of a rotary transformer are presented in Figure 3-34. Current 
slip- ring designs, as determined from published vendor data, are adequate to meet 
the needs of a system of this size and their catalog data are presented in Figures 3-35 
and 3-36. Switchgear is shown in Figures 3-37 and 3-38. 

Once a strategy for sizing modules composing system functional blocks has been 
adopted, an optimum size submodule can be found, based on weight or cost as described 
in subsection 3. 2. 1. The strategy for this system is developed in subsections 3. 2. 9 
and 3. 2. 10 on reliability and life and provides for sufficient modules to supply the full 
power output for any function plus one operational spare. Using the specific mass data 
and cost models then allows the calculation of cost to supply the full required output as 
a function of modular size. The minimum of this curve is the most cost-effective 
modular size for the function in question. Figure 3-15 shows this curve for a 250 kWe 
DC-AC resonant inverter. Tables 3-4, 3-5, 3-6, and 3-7 list optimum modular sizes 
and major characteristics (based on minimum life cycle costs) for each functional 
block in our candidate systems. The data for individual modules is documented on the 
"PMS components characteristics data sheets" (Appendix 1). 

CONCLUSION: Component sizes and weights are moving in the right direction for space 
platform applications as a natural consequence of improved design. Component weights 
are approaching acceptable values and will certainly meet mid-to-late 1980s require- 
ments. Equipment densities are almost an order of magnitude higher than what is ideal 
for STS payloads, therefore, decreasing weight at the expense of increased volume is a 
worthwhile trade for power management equipment. 

First order weight and volume effects on other PMS related space platform elements 
are evaluated and documented in the sections where they are important. See subsections 
3.2.6, 3.2.7, and 3.2.8 for the major impact areas. Obviously, losses and efficiency 
are the driving parameters, since they directly impact requirements for capacity of 
solar arrays, batteries, and thermal management. 
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SPECIFIC WEIGHT - kg/kW 


NOTE: NUMBERS IN ( ) ARE % INCREASES TO RAISE THE RELIABILITY 
OF A 10 kW UNIT FROM THE SIMPLEX BASE NUMBER SHOWN IN 
FIGURE 3-53a TO A VALUE OF 0.99. 



Figure 3-32. Specific mass relationships for PMS 
major components. 
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Figure 3-33. Specific volume relationships for PMS major components. 



. Specific mass relationships for rotary transformer electrical hardware. 
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Figure 3-34, 


























Table 3-4. Optimum module size based on weight and life cycle cost (DC system) 


Module Type 

Total 

Power 

Optimum 

Size 

Total 

Modules 

Remarks 

Slip Rings 

400 kW 

100 kW 

4 + 4 Spares 

Totally Redundant 

Battery Charger 

135 kW 

13.5 kW 

10 + 1 


DC Regulator (115 V) 

100 kW 

10.0 kW 

10+1 


DC-AC Inverter 

100 kW 

16.7 kW 

6+1 


DC-DC Conv (28 V) 

15 kW 

5.0 kW 

20+10 

Distrib Worst Case @ PIU 

Switchgear (DPDT) 

— 

10.0 kW 

10 + 1 

Hi Volt Bus Isolation 

Switchgear (DPDT) 

— ' 

10.0 kW 

10+1 

Lo Volt Bus Isolation 

Switchgear (DPDT) 

— 

5.0 kW 

20+10 

Distrib DC-DC Isolation 

Switchgear (SPDT) 

— 

13.5 kW 

44 

Sized from Battery Charger 

Switchgear (DPDT) 

20 kW 

5.0 kW 

j 90 

Payload Isolation 


Table 3-5. Optimum module size based on weight and life cycle cost (AC system). 


Module Type 

Total 

Power 

Optimum 

Size 

Total 

Modules 

Remarks 

DC-AC Inverter 

250 kW 

25.0 kW 

10+1 Spare 


Rotary Transformer 

250 kW 

25.0 kW 

10+1 

Matches Inverter Outputs 

Battery Charger 

135 kW 

13.5 kW 

10+1 


AC-DC Conv (28V) 

15 kW 

5.0 kW 

20+10 

Worst Case at Dist. PIU 

AC-DC Conv (115V) 

20 kW 

5.0 kW 

20+10 

Worst Case at Dist. PIU 

Output T ransformer 

20 kW 

5.0 kW 

20+10 

Worst Case at Dist. PIU 

Switchgear (DPDT) 

— 

5.0 kW 

90 

PIU Input Isolation 

Switchgear (DPDT) 

75 kW 

15.0 kW 

16 

Worst Case at Dist. PIU 

Switchgear (SPDT) 

— 

25.0 kW 

33 

Matches Inverter Inputs 
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Table 3-6. Parameters of the major DC system components 


Module 

Power 
Per Unit 

Weight 
Per Unit 

Average 
Volume 
Per Unit 

Eff. 

(%) 

Average* 
Cost 
Per Unit 

Total 

Units 

Used 

Total 

Cost 

Remarks 

1 Slip Rings 

100 kW 

11.3 kg 

0.020 m3 

99.9 

11.6 K 

8 

92.8 K 

Not incl struct 

2 Battery 
Charger 

13.5 kW 

31.1 kg 

0.065 m3 

97.6 

30.5 K 

11 

336 K 


3 DC Reg! 
115 V 

10.0 kW 

23.0 kg 

0.048 m3 

97.6 

35.7 K 

11 

393 K 


4 DC-AC 
Inverter 

16.7 kW 

49.3 kg 

0.080 m3 

96.1 

53.6 K 

7 

375 K 

3 Phase 

5 DC-DC 
Converter" 

5.0 kW 

11.5 kg 

0.048 m3 

97.6 

20.2 K 

30 

606 K 


6 Switchgear 
DPDT 

5.0 kW 

0.26 kg 

.. 

99.6 

0.26 K 

30 

8 K 

Distrib. 28 VDC 

7 Switchgear 
DPDT 

10.0 kW 

0.52 kg 

* * 

99.6 

0.62 K 

30 

16 K 

Conv Interface 

8 Switchgear 
DPDT 

10.0 kW 

0.52 kg 

• * 

99.0 

0.52 K 

22 

12 K 

Bus Isolation 

9 Switchgear 
SPOT 

13.5 kW 

0.35 kg 

» * 

99.6 

0.35 K 

44 

15 K 

Source Control 

10 Switchgear 
DPDT 

. 5.0 kW 

0.26 kg 

* * 

99.0 

0.26 K 

90 

23 K 

Payload Isolation 


* Average cost is based on a production run of 100 units and an 85% learning curve. 
**Small enough to be neglected compared to other PMS hardware. 


Table 3-7. Parameters of the major AC system components. 


Module 

Power 
Per Unit 

Weight 
Per Unit 

Average 
Volume 
Per Unit 

Eff. 

(%) 

Average* 
Cost 
Per Unit 

Total 

Units 

Used 

Total 

Cost 

Remarks 

1 DC-AC 
Inverter 

25.0 kW 

43.0 kg 

0.063 m3 

97.95 

74.1 K 

11 

815 K 


2 Rotary 
Transformer 

25.0 kW 

8.8 kg 

NA 

99.0 

10.9 K 

11 

120 K 

Not incl struct. 

3 Battery 
Charger 

13.5 kW 

31.1 kg 

0.065 m3 

97.6 

30.5 K 

11 

336 K 


4 AC-DC 
Converter 
(28 VDC) 

5.0 kW 

8.6 kg 

0.013 m3 

97.7S 

15.2 K 

30 

455 K 


5 AC-DC 
Converter 
(115 VDC) 

5.0 kW 1 

8.6 kg ; 

0.013 m3 

97.75 

15.2 K 

30 

455 K 


6 Output 
T ransformer 

5.0 kW 

0.3 kg 

NA 

99.0 

1.0 K 

30 

30 K 


7 Switchgear 
DPDT 

5.0 kW 

0.23 kg 

10x10-5m3 

99.8 

0.26 K 

90 

23 K 

Bus Isolation 

8 Switchgear 
DPDT 

15.0 kW 

0.69 kg 

13.8x10-5 m 3 

99.8 

0.75 K 

16 

12 K 

Non-Reg 

Control 

9 Switchgear 
SPDT 

25.0 kW 

1.15 kg 

10x10-5m3 

99.5 

0.64 K 

33 

21 K 

Source Control 


“Average cost is based on a production run of 100 units and a learning curve of 85%. 
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3. 2. 3 "Estimate the achievable performance characteristics of the PMS and each of 
its major components. " 

Using the optimum module sizes found in subsection 3.2.2, the general performance 
requirements are calculated and documented on Part B of the "PMS components charac- 
teristics data sheets" (Appendix 1). 

The current state-of-the-art was then assessed for each major component and 
current capabilities were documented in the "state-of-the-art" column on the data sheets 
in Appendix 1. 

Where current technology does not meet or exceed the PMS requirement for the 
major units, the improvements possible from "normal development programs" have 
been evaluated and estimated to provide "technology readiness" in the mid-to-late 
1980s. This evaluation is a combination of Convair experience, vendor opinions, 
general industry interest, degree of device design maturity, historical data, and the 
rate- of- change of the current important parameters. The results are presented in the 
"achievable capability" column of the summary sheets in Appendix 1. 

Some requirements, such as voltage and frequency are optimized in later sections 
of this report and justifications are presented there. 

CONCLUSIONS; The information on the summary sheets forms the basis for the com- 
ponent technology gap analysis of Task 2. There are no gaps in major component 
technology which cannot be remedied by normal development programs for mid-to-late 
1980s technology readiness. 


3. 2. 4 "Estimate the effect of the load power range (100-250 KWe) on the major PMS 
characteristics. " 

This load power range was found to have little impact on the design of a modularized 
system with the modules sized in the ranges specified in Tables 3-6 and 3-7. Power 
requirements for individual modules are low enough so that no major changes in design 
and construction techniques are required for optimum sized modules as system capa- 
city grows from 100 to 250 KWe. 

Increases in cost are, therefore, linearly related to increases in power with the 
usual economies of scale as power increases over this range. (See Figure 3-32. ) 

The cost curves are smooth with no discontinuities showing a demand for technological 
change for system components. Therefore, it was concluded that the most cost- 
effective system (on a per-kilowatt basis) is at 250 KWe, and 250 kW technology is not 
much different from 100 kW technology. Other study elements were then based on 
250 KWe with the knowledge that the general conclusions would also be valid for the 
lower end. 
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3. 2. 5 "Estimate the peak power capability of the electrical power system. The tech- 
nology impacts (on the PMS) of supplying peak power to experiments shall be examined." 

The maximum power capabilities of both AC and DC systems have been analyzed 
under three different sets of conditions, and the limiting parameter/hardware has been 
identified. The limiting paths are shown in Figures 3-39 and 3-40. They are: 

a. No system changes to supply maximum, continuous power; no component 
derated design value exceeded. 

For the DC system, the first limit occurs at approximately 500 kW, which is 
the maximum power that the pair of redundant power bus systems (250 kW each) 
would be designed for. 

In the AC system, the limiting hardware is the inverter and rotary transformer 
transmitting power across the array/space platform rotary joint. Using the 
10 plus 1 modules shown in Table 3-5 yields a maximum design power level of 
275 kW for this hardware. 

b. No system changes to supply maximum, continuous power; no component abso- 
lute maximum rating exceeded. All conservative electronic/electrical designs 
provide maximum worst case capabilities which are derated from the manu- 
facturer’s maximum component ratings to allow a safety factor and improve 
reliability. It is conceivable that this sort of hardware could be operated for 
short periods at its maximums without any serious impact. On that basis, 

the limiting hardware of a. , above, could supply the following peak powers, 
assuming the usual half-power deratings: 

DC system - 1000 kW (steady state) 

AC system - 600 kW (steady state) 

Thermal characteristics of individual designs would have to be evaluated to see 
what length of time could be used before temperatures got high enough to com- 
promise reliability. 


3-41 



ARRAY 

SIDE 


SOLAR 

ARRAYS 


(750 VDC) 


135 KW AT 750 VDC 
(10) + (1) SPARE 
13.5 KW MODULES 


SWITCHING 
4 CONTROL 


INTF 

SW 

H 

'n 

INTF 

SW 

SLIP RINGS 


U 

u 


400 KW AT 750 VOC 1 
(16) 100 KW SLIP RINGS 
(4) + (4) AT 100 KW - SUPPLY 
(4) + (4) AT 100 KW - RETURN 




(750 VDC) 


(UNREGULATED) 


DISTRIBUTION BUSES 


SIMPLE 
PIU* (TYP) 


*PIU - PAYLOAD INTERFACE UNIT: 

TEN REQUIRED WITH 
DIFFERING CAPABILITIES 

INTF SW - INTERFACE SWITCH MODULES 


INTF 

SW 


DC-OC * 
LOW VOLT 


COMPLEX 
PIU* (TYP) 

* CONVERTER/ 
REGULATORS 


DC-DC * 
LOW VOLT 


r 

INTF 


" 

NTF 


L 

SW 


SW 


DC-OC * 

> 

¥ 

HIGH VOLT 

DC-AC 

P 

INTF 

INTF 

L 

SW 

_ 

_ 

SW 

J 


INTF 

SW 


K 


CENTRALIZED 
REGULATION 
4 CONTROL 
UNIT 


100 KW AT 
115 VAC 
THREE PHASE 
(10) + (1) SPARE 
10 KW MODULES 


INTF 

INTF 

INTF 

INTF 

SW 

SW 

SW 

SW 


5.0 KW AT 28 VOC 
(1) + (1) SPARE 
5 KW MOOULES 


15.0 KW AT 28 VOC 
(3) + (1) SPARE 
5 KW MOOULES 



15 KW/MODULE 
PAYLOAD ISOLATION 
(5) + (1) SPARE 


5.0 KW/MOOULE 
PAYLOAD ISOLATION 
(4) + (1) SPARE 
(4) + (1) SPARE 


Figure 3-39. DC system block diagram. 
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Figure 3-40. AC-DC hybrid resonant system block diagram 
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c. Supplementary hardware added to take advantage of maximum energy available 
on the space platform. In this case, the batteries are used to supply their 
maximum safe transient discharge current into a special experiment or load 
by connecting them to it via supplementary cables and switchgear supplied as 
part of the experiment. This power is added to the normal solar array power 
to calculate the maximum available. 

DC system - 3.6 MW for three minutes 

AC system - 3.4 MW DC for three minutes (supplied directly 
from the batteries) 

In the AC system, the supplementary cables must bridge the rotary joint 
since the batteries are on the array side. This will put special constraints 
on the satellite motions during the time of the experiment. 

CONCLUSION: Significant amounts of power can be supplied above the normal system 
rating with small reliability compromises and some system changes. The major source 
is the energy from a fully charged set of batteries, discharged at a higher than normal 
rate. 

3.2.6 "Examine the effect of increased conversion equipment internal switching 
frequency. " 

This study element was expanded to examine the frequency question from two points 
of view. The first evaluates internal switching frequencies for system components such 
as DC-DC converters, switching regulators, etc. Because an AC transmission and 
distribution system was proposed as a system alternative, its transmission frequency 
was addressed as a second topic under this work statement paragraph. 

3. 2. 6. 1 Converter Internal Switching Frequency. There are two major frequency 
considerations for these devices. Weight and transportation to orbit cost decrease 
when frequency increases, since magnetic component and filter element sizes and 
weights decrease rapidly with increasing frequency. 

For conventional, non- resonant conversion equipment, efficiency increases in the 
lower frequency range and then begins to decrease as the output device frequency 
response causes the switching time to be a significant percentage of the output duty 
cycle. Figure 3-41 shows this relationship for the major items of PMS equipment. 
Decrease in efficiency translates into added costs due to added thermal control hard- 
ware, solar arrays, and batteries. From the curves, it can be observed that the most 
efficient frequencies lie in the 10 kHz to 50 kHz range. Figure 3-42 shows the unit 
mass as a function of frequency. Because of the close correlation of cost and weight, 
the best life cycle cost devices appear to need frequencies in the 20 kHz to 30 kHz 
range. It is also clear that there is a need for faster power devices to move the 
efficiency curve to the right for a truly optimum design. 
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EFFICIENCY — % 



Figure 3-41. Conventional PMS major 
component efficiencies. 


3-44 



Since this non- resonant class of components will most likely have only limited ap- 
plication in modern high power systems, further analysis of costs and drivers was not 
accomplished. The improved inherent efficiencies of resonant devices makes them the 
logical first choice. 

Resonant converter (Reference 15) efficiencies show the same sizable decrease in 
mass as non- resonant ones. These data have been calculated for the various major 
devices and are shown in Figure 3-43. Since the switching in this family of devices 
occurs at the current zero crossing point of the AC waveform, dynamic switching 
losses are virtually eliminated over a reasonable frequency range (less than 100 kHz). 
This is shown in Figure 3-44. 

Cost analysis has shown that recurring costs to produce hardware rise slowly at the 
higher frequencies. Therefore, an optimum module cost can be calculated based on the 
trade-off of transportation costs and manufacturing and hardware costs. 

The AC system proposed for this application is really one large, distributed reso- 
nant converter with a distributed driver, a transformer coupled resonant link which is 
the transmission line, and transformer coupled distributed load conditioners. Its 
theory of operation is described fully in Subsection 3. 2. 18 and Reference 15. Because 
of that, the following analysis for the "best" AC system frequency also applies to the 
general family of resonant converters addressed by this portion of the study. 
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Figure 3-43. Resonant major PMS component masses. 


a* 



0 10 20 30 40 SO 60 70 80 90 100 

FREQUENCY - kHz 


Figure 3-44. Resonant major PMS component efficiencies. 
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3. 2. 6. 2 Optimum AC Transmission Frequency, Our evaluation of system costs as a 
function of frequency has shown that two major items must be considered for AC sys- 
tem frequency optimization. 

Hardware costs, while not a strong function, are a large enough percentage of the 
total that they must be included. Shown in Figures 3-45 and 3-46, they decrease slightly 
as increased frequency causes unit sizes to decrease until frequency gets high enough so 
that special attention must be given to noise, pick-up, spacing and layout, special 
low-loss components, etc. Thereafter, costs increase on a slowly rising curve. 

The primary driver is hardware weight. As frequency increases, transformers 
and energy storage components used in filters and resonant networks, rapidly decrease 
in size and weight, causing significant improvements in PMS component size and weight. 
This is reflected in "Transportation to Orbit" costs, also shown in Figures 3-45 
and 3-46. 



Figure 3-45. Frequency-dependent PMS 
hardware costs (MIL- grade components) 



Figure 3-46. Frequency-dependent PMS 
hardware costs (space-qualified 
components). 
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Two sets of cost data are presented. The curves title "MIL-Grade Components" 
represent a quality level, including piece-parts, manufacturing, and test usually 
found in typical military electronic hardware. "Space-Qualified" represents the hard- 
ware usually used for non- repairable, high- reliability, or man- rated space missions. 

While analysis has shown that MIL- grade components will satisfy the statistical 
reliability requirements in our modular system approach, there will be pressures to 
move toward man- rated components for this type of platform. The result will most 
likely be a cost curve somewhere between the two. At the same time, technology 
advancement will probably move the manufacturing cost curves to the right even more 
than predicted by the basically conservative PRICE model, pushing the minimums 
toward somewhat higher frequencies by 1985. 

Since the entire AC power transmission system is a distributed resonant converter, 
conversion switching occurs at zero crossings and frequency dependent switching losses 
do not become important until much higher frequencies are used. 

For optimum transformer designs, core losses are still low enough below 100 kHz 
(less than 0. 1% for ferrites) that they are negligible. 

Therefore, total significant frequency dependent costs are plotted in Figures 3-45 
and 3-46 for MIL-grade and space-qualified components, respectively. The corre- 
sponding cost-effective frequencies are 26 kHz and 20 kHz. From a human engineering 
point of view, it is best to stay above the audio range, so we would establish a working 
minimum of 20 kHz and pick a nominal based on the worst case frequency variation of 
such a system, expecting that it would come out somewhere in the 20 kHz to 26 kHz 
range. 

Since the valleys in these curves are broad, costs are not adversely affected by 
moderate frequency variations. 

While not directly related to cost effectiveness, there are two items strongly 
related to frequency that should be discussed. 

These frequencies are high enough so that non-uniform current distribution in 
busses becomes important. Skin effects are a major driver and dictate that for a 
frequency of 20 kHz, the power bus will be a hollow tube or its equivalent having a 
wall thickness/diameter ratio of approximately 1:40. 

Since the recommended frequencies are in the range where natural plasma resonant 
frequencies can occur in LEO, a bus configuration must be chosen to minimize coupling 
of energy to the surrounding plasma. At these frequencies and at maximum loads, bus 
inductance also becomes important. These two factors make a coaxial bus configura- 
tion the appropriate choice. This bus design will be discussed in more detail in sub- 
section 3. 2. 14. 
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CONCLUSION: Frequencies in the low ultrasonic range (20-30 kHz) are the most cost 
effective choice for this type of system. This selection demands additional investiga- 
tion in the areas of bus design to minimize inductance and plasma coupling. 

3. 2. 7 "Examine the effect of transmission line length on the PMS characteristics. " 

For both AC and DC cases, simply stated, line characteristics are all proportional 
to length. Line resistance, optimum weight, reactance, losses, are all directly pro- 
portional to length. For stations of this size (requiring approximately 50 meters of 
transmission line), transmission line weight can be made less than 5% of active system 
weight with only moderately high (~1000 V) voltage, making variations in length only 
second order effects. 


Since there is a trade-off between line weight and losses, and losses require added 
solar array and battery capability, weight and, therefore, cost can be optimized by 
interrelating those major items. This has been done by NASA and documented in 
"Power Management and Control for Space Systems". (See Reference 17 for additional 
details. ) The basic relationship turns out to be: 


W TLopt ~ v 

- V^d (Ot HR + otp G ) 

where: W TLopt = 

Optimum transmission line weight 

P = 

Power to be transmitted 

i = 

Transmission line length 

V = 

Transmission line volume 

p = 

Resistivity of line material 

d = 

Density of line material 

04 HR = 

Constants related to the specific masses of 

Otpo 

solar arrays and batteries 


Figure 3-47 plots this relationship for the primary bus material candidates. An 
important conclusion which can be drawn from examination of that figure is that the bus 
weights at higher voltages are small and high voltage removes the demand for exotic 
materials or designs. 

Since the AC system operates at high frequency (for a power system), line induc- 
tance becomes an important quantity since it affects phase and resonant link frequency. 
As line length increases, it becomes more important to use low inductance designs, 
and that length and other variables be controlled. The bus design for this high fre- 
quency approach is discussed in detail in subsection 3. 2. 14. 

CONCLUSION: Transmission line length is not a major driver for typical space plat- 
forms served by this size power system. Cost and weight can be easily optimized for 
both AC and DC systems. High frequency resonant considerations in AC systems 
make inductance control and, therefore, length second order concerns. 
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Figure 3-47. Optimum bus parameters for a 250 kW, 50m, distribution system 
show effects of increased voltage. 


3.2. 8 "Evaluate the effects of increased power system voltage including corona prob- 
lems and recommend voltage levels as a function of power range." 

In general, PMS system losses decrease as transmission and distribution voltages 
increase, due to lower i2r losses and improved switching efficiencies. On the other 
side of the ledger, recurring hardware costs increase due to higher voltage provisions, 
such as high voltage components and added insulation or voltage isolation provisions. 

In addition, high solar array voltages promote a DC conduction directly through the 
surrounding plasma at LEO which must be accounted for as another system loss. This 
study element examines and trades these quantities to optimize system voltage for both 
AC and DC. 
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3. 2. 8. 1 Plasma Effects. Losses to the surrounding plasma have been evaluated by . 
computer modeling techniques which are fully documented and explained in a separate 
report attached as Appendix 2. Typical results from that portion of the study are 
shown in Figure 3-48. 

As expected, power loss directly to the surrounding plasma increases with in- 
creasing solar array voltage. At the worst case altitude, it varies from 0. 8% at 
440 V, to 1 . 4 % at 750 V, to 2. 2% at 1200 V and rises to 6. 7% at 3000 V. These losses 
provide a driver to be considered in the system voltage choice, pushing toward lower 
voltage. 

The second section of Appendix 2 examines the problems associated with high 
voltage lines and components. Even though most elements of the PMS will be housed 
in the space platform's docking module, which will be pressurized most of the time, 
we ass um ed that all components should be capable of operating in the space plasma 
environment in case of a pressurization failure or to provide the option of unpressurized 
systems for periods when the platform might be unmanned. Briefly, it was concluded 
that insulated transmission lines are not a problem, the dfscharge question within units 
needs further modeling and testing, and a high frequency AC system has the potential 
to interract with plasma resonant frequencies and additional testing and modeling is 
recommended to study this phenomenon. 

For additional details and backup data, the reader is directed to Appendix 2. 

3. 2. 8. 2 Optimum Transmission Voltage - AC System. Since there are no significant 
operational and system design drivers affecting the choice of voltage for the transmis- 
sion system, a cost and weight analysis was performed to pick the best voltage for the 
recommended AC system. 

The major costs involved are contained in procurement and manufacture of the 
PMS components; and as we would reasonably expect, the "PRICE" estimating model 
shows a slowly rising cost curve as voltage increases. (See Figure 3-49. ) Since the 
curve has no knee, the region examined contains no upper voltage limiting factors. 

There is, of course, a low end flat area which our data just approaches where voltage 
is not a driver which we expect to move to the right for the period of the mid-1980s. 

The effect of such movement will be discussed later. 

The contrary factors in the voltage- cost relationship have to do with system effi- 
ciencies. Component efficiencies, switching losses, and bus losses all improve with 
increasing voltage. System efficiencies can be directly translated into added solar 
array and battery hardware with the attendant cost and weight penalties. 
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Figure 3-48. Solar array power loss with voltage 
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VOLTAGE DEPENDENT COSTS - $ X 10 6 



TRANSMISSION VOLTAGE - VOLTS (RMS) 


Figure 3-49a. Voltage dependent costs for AC 
(MIL- grade components). 
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VOLTAGE DEPENDENT COSTS - $ X 10 6 



Figure 3-49b. Voltage dependent costs for AC 
(space-qualified components). 
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By and large, PMS component weights are not strongly influenced by voltage since 
weight improvements due to lower currents and losses are approximately offset by in- 
creases due to added insulation, increased spacing requirements, and similar high 
voltage considerations. However, bus sizes and weights are strongly affected by 
voltage and the transportation costs associated with the total added weight of busses, 
solar arrays, and batteries becomes important in calculating system costs. The total 
costs associated with system losses as a function of voltage form a falling curve which 
becomes reasonably flat above 1000 VRMS. (See Figure 3-49a.) The factors and data 
used to plot the above curves are listed in Table 3-8. 

Table 3-8. AC system — costs affecting transmission voltage — $(10 6 ). 


SYSTEM 

PRODUCTION 
(X) DC-0C 
CONVERTER 

TRANSPORTATION 

(YiiDC-DC 

CONVERTER 

PRODUCTION 
(%) DC-OC 
CONVERTER 

TRANSPORTATION 

(%)0C-0C 

CONVERTER 

TOTAL VOLTAGE 
0EPENDENT COSTS 

TOTAL VOLTAGE 
OEPENDENT 
COST 











X-MISSI0N 

25 Kw UNITS 

WT @ 3.42 Kg/Kw 

5 Kw UNITS 

WT@ 3.903 

HAROWARE 

HAROWARE + LOSSES 

VOLTAGE 

300 KwTEST 

513 Kg-CONST 

300 KwTEST 

585 Kg 

SPACE- 

MIL- 

SPACE- 

MIL- 


(SOURCE) 

(SOURCE) 

{LOAD) 

{100) 

QUAL 

QUAL 

QUAL 

QUAL 

200V 

1.931 

0.513 

2.794 

0.58S 

5.873 

2.937 

8.092 

5.156 

400 

2.021 



2.850 



5.969 

2.985 

7.474 

4.490 

700 

2.065 



2.952 



6.115 

3.058 

7.289 

4,232 

10Q0 

2.114 



3.053 



6.265 

3.113 

7.311 

4.179 

1200 

2.144 

0.513 

3.113 

0.585 

6.355 

3.178 

7.370 

4.193 



CONVERTER 
% LOSS 

SWITCHING 
% LOSS 

TOTAL 

POWER 

LOSS 

PRODUCTION 
ADDED ARRAY 
& BATT COST 
{.0414)/Kw 

TRANSPORTATION 
ADDED ARRAY 
& 8 ATT COST 
($1 .OK/Kg) 
(11.32 Kg/Kw) 

PR0B. + TRANSP. 
(ARRAY+BATT+8USS) 

PROD. + 
TRANSP. HEAT 
REJECTION 
HARDWARE 

TOTAL COSTS 
ATTRIB.TO 
LOSSES S( 106 ) 

200V 

5.75% 

2.0 % 

7.75% 

19.38 Kw 

0.802 

0.219 

1.110 

0.098 

2.219 

• 400 

4.98 

1.5 

6.48 

16.20 

0.670 

0.183 

0.567 

0.085 

1.5Q5 

700 

4.67 

1.3 

5.97 

14.93 

0.613 

0.169 

0.308 

0.079 

1.174 

1000 

4.50 

1.2 


14.25 

0.590 

0.161 

0.219 

0.076 

1.046 

1200 

4.47 

1.17 

5.64 

14.10 

0.583 

0.160 

0.196 

0.076 

1.015 


The total, combined cost/voltage relationship is also plotted in Figure 3-49a. It 
has a minimum at about 1000 VRMS with a broad valley, just starting to rise at 800 V 
and 1200 V. 

Figure 3-49b represents all the same basic quantities using "Space-Qualified" 
components appropriate to man- rated systems. Different relative costs and slopes 
make this minimum occur between 800 V and 900 V. 

While we believe that MIL- grade components will satisfy the statistical reliability 
requirements in our modular system approach, there will be pressures to move toward 
man- rated components for this type of platform. The result will most likely be a cost 
curve somewhere between the two. (See Figure 3-50.) At the same time, technology 
advancement will probably move the manufacturing cost curves to the right even more 
than predicted by the basically conservative PRICE model, pushing the minimums 
toward somewhat higher voltages by 1985. 

CONCLUSION: The most cost effective transmission voltage for an AC system of this 
size will be between 800 V RMS and 1200 V RMS and we recommend using 1000 V RMS as 
a reasonable mid-point working value for further development work. 
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Figure 3-50. Component grade cost comparisons for AC. 

Because of the flexibility inherent in transformer- coupled AC systems of this type, 
voltage and current can be adjusted to take best advantage of component and piece-part 
ratings. Therefore, no major piece-part development is required for the AC system 
at the 250 kWe level beyond that already in progress. Higher level development work 
will be required on devices such as rotating transformers, magnetic disconnects, and 
coax transmission busses. 

3.2. 8.3 Optimum Transmission Voltage - DC System. DC system components have 
the same sort of slowly rising curve of hardware/manufacturing costs as a function of 
voltage, as shown in Figure 3-51. Loss terms have the same source and, therefore, 
generate the same general shape curve as the AC case. (See Figure 3-51.) 

For the DC system, transmission system voltages increase directly with solar 
array voltages if efficiency is maximized, and plasma losses from the array increase 
with increasing voltage, providing another strong voltage/loss related cost driver. Our 
analysis has shown that interposing a voltage step-up device (such as a CDVM) in the 
system to keep array voltages low always results in higher losses than the plasma re- 
lated ones, providing the voltage is kept to a moderate value (<2000 VDC). Plasma 
effects are, therefore, also shown for the DC case in Figure 3-51. 
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VOLTAGE DEPENDENT COSTS - $ X 10 6 



Figure 3-51. Voltage dependent costs for DC (MIL-grade components). 
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The three major contributors are then added to form the total cost-voltage opti- 
mization curve also plotted in Figure 3-51. 

The same "MIL-grade" and "space- qualified' ' considerations that were discussed 
in the AC case apply for DC, and Figure 3-52 shows the same basic quantities depicted 
in Figure 3-51 for the higher cost space-qualified case. The factors and data used to 
plot the above curves are listed in Table 3-9. 

Table 3-9. DC system — costs affecting transmission voltage — $( 106 ). 



oc-oc 

CONVERTER 

DC-DC 

REGULATOR 

DC- AC 
CONVERTER 

WEIGHT 

TOTAL 

PMS HARDWARE 
COST 

TOTAL PMS COSTS 

VOLTAGE 

5 Kw@ 150 Kw 

100 Kw 

100 Kw 








3.903 Kg/Kw 

2.30 Kg/Kw 

2.96 Kg/kw 

(Kg) 

SPACE-QUAL 

MIL 

SPACE-QUAL 

MIL 

200V 

2.794 

1.075 

1.324 



3.152 

8.705 

5.554 

400 

2.850 

1,092 

1.344 

■B 



3.199 

8.121 

4.921 

700 

2.952 

1.124 

1.385 * 

jMBjl 



3.287 

8.007 

4.720 

1000 

3.053 

1.141 

1.426 




3.364 

8.079 

4.713 

1200 

3.113 

1.158 

1.447 

■ 

■ 


3.416 

8.178 

4.763 


VOLTAGE 


CONV LOSS 
•/. OF 150 


INV LOSS 
%0F 100 


REG LOSSES 
% OF 100 


AUG PMS 
LOSS 


SWITCHING 
% LOSS 


TOTAL 

(%) 


POWER 

LOSS 

(Kw) 


PROD & TRANSP. 
BATT & ARRAY 
(.0517/Kw) 


BUSSES 


HEAT 

REJECTION 

HARDWARE 


TOTAL COSTS 
ATTRIB TO 
LOSSES 


200V 

400 

700 

1000 

1200 


5.75% 

4.98 

4.67 

4.50 

4.47 


4.75% 

4.25 

4.00 

3.94 

3.92 


3.22% 

2.75 

2.50 

2.42 

2.40 


4.74% 

4.13 

3.86 

3.75 

3.72 


4.0 % 

3.5 

3.3 

3.2 

3.17 


8.74% 

7.65 

7.16 

6.95 

6.39 


21.85 

19.13 

17.90 

17.38 

17.23 


1.151 

1.008 

0.943 

0.916 

0.908 


1.110 

0.567 

0.308 

0.219 

0.196 


0.110 

0.097 

0.091 

0.088 

0.087 


2.371 

1.672 

1.342 

1.223 

1.191 


VOLTAGE 

PLASMA LOSSES 
{%) 

POWER LOSS 
(Kw) 

ADDED 
ARRAY COST 
(.0235/Kw) 

ADDED ARRAY W / 
TRANSP. COST 

PLASMA LOSS COSTS 
TOTAL 

200V 

0.46% 

1.15 Kw 

0.027 

0.004 

0.031 

400 

0.74 

1.84 

0.043 

0.007 

0.050 

700 

1.36 

3.40 

0.079 

0.012 

0.091 

1000 

1.84 

4.60 

0.107 

0.016 

0.123 

1200 

2.32 

5.80 

0.135 

0.021 

0.156 


CONCLUSIONS: Examination of the "Total Cost" curves shows that the addition of 
voltage- dependent plasma losses causes them to rise sooner than for the AC case. 

The best cost effective MIL-grade voltage occurs just above 800 VDC and the optimum 
for space- qualified is just below 700 VDC. Using the same logic used for the AC case 
yields a reasonable working value of 750 VDC for further hardware investigations for 
this size system. 

This voltage choice demands continued development of semiconductor devices to 
meet the voltage and current rating requirements. Present capability (D60T tran- 
sistor) must be more than doubled to effectively be used for the DC system. 
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Figure 3-52. Voltage dependent costs for DC (space-qualified components). 
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3. 2. 9 "Evaluate the technology implications of the platform 10 year useful lifetime 
requirements. " 

3. 2. 10 "Examine the impact of Shuttle servicing capability on the cost of reliability. " 

Both of these topics are interrelated through the cost-of-repair/cost-of- reliability 
trade-offs and, therefore, must be treated together to develop a cost-effective strategy 
for unit reliability requirements for ten years, allocation of spares and repair capabi- 
lity, and logistics planning. 

The first step was to evaluate the ten year reliabilities of the various major items 
of equipment found in the PMS. MIL-HNDBK-217B was used to provide the evaluation 
methods and the statistical failure rate data. Figures 3- 53a, 3-53b, and 3- 53c show 
the results of those calculations for each major module type as a function of power output. 

Our analysis creating these curves used the following constraints and inputs: 

a. Average equipment duty cycle = 40% ± 20% 

b. Environmental Use Factor = 1. 0. This is the normal factor (Sp) for equip- 
ment operating in zero g, in orbit. 

c. Typical junction or active element temperatures = 85°C. This value is derived ■ 
from a normal conservative thermal design for electronic hardware. Such a 
process would project a maximum heat sink/radiator temperature of 85°C 
under the worst possible combination of worst case parameters and conditions. 
Good thermal/mechanical design would then put maximum junction temperatures 
at approximately 125°C under the same conditions, allowing a typical 40°C rise. 

It is reasonable to evaluate failure rates at typical, not worst case temperature 
conditions, and Convair experience with this type of hardware has shown that 
the above worst case design generates typical temperatures approximately 40°C 
lower. Therefore, typical junction or active element temperatures are 85°C 
and heat sink/ radiator temperatures are approximately 45°C. 

d. Quality factors for each component family assumed the parts used were the 
equivalent of JAN TXV. 

To understand the meaning of these reliabilities, we can examine a typical module 
in a unit in the DC system: 

Adding up the total requirements for AC power, in the Requirements Document 
(Vol. 3), yields a maximum of 100 kW for a centralized DC-AC inverter. Extrapolating 
the curve of Figure 3- 53a, a single 100 kW unit has a 10 year reliability = 0.32, corre- 
sponding to an MTBF = 76, 970 hours. This is obviously inadequate for an 87, 660 hour 
mission, and provides the basic reliability justification for a modular approach. 
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BASE RELIABILITY 



Figure 3- 53a. Reliability/power relationships. 



Figure 3-53b. Reliability/power relationships (extrapolation of the 25 kW curve). 
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Figure 3-53c. Reliability estimates for power distribution components. ’ 

(Ref. MIL- STD- HDBK- 217) 

Because of the basic nature of space logistics, spare units will always be built 
and flown, independent of the statistics of reliability. Therefore, an operational 
strategy has been recommended which maximizes the utility of those spares. That 
is: every output will be served by a full complement of modules to supply the total 
requirement plus one operational spare. That being the case, full output is still 
provided with one failed module and very impressive reliabilities can be realized. 

In addition, module sizes can be optimized on the basis of cost, and, in fact, have 
been in the modular breakdowns of Tables 3-4 and 3-5 shown on page 3-38. 

Returning to our example, the 100 kW functional capability is supplied by ten 
10 kW modules plus one spare. 

The reliability of a 10 kW module = 0. 9550 corresponding to an MTBF = 1. 93 x 
10 6 hours. Since there are eleven modules, one will fail every (1. 93 x 10 6 )/11 = 

0. 175 x 10 6 hours, or on the average, every 20 years. 

The probability of having ten of eleven units operating (and supplying the full 10 kW 
output) for the platform's ten year life is 0. 930 (using a 90% confidence factor). 
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The probability of having at least nine of eleven units operating (with no repair of 
a previously failed module) is 0.992 for the same conditions. 

These reliability relationships are documented in Figures 3-54, 3-55, 3-56, 
and 3-57. 

The reliabilities and MTBFs have been calculated for all the module families and 
are documented on the data sheets of Appendix 1. 

Because the STS will service this space platform and crew members will be avail- 
able to effect repairs, a trade was performed to evaluate the use of lower quality 
hardware and allow for more frequent repair. 

Since good design practice and good factory quality control would not normally be 
compromised for this type of hardware, the major source of reduced cost and higher 
failure rates would be lower quality piece-parts. An infinity of possibilities exists for 
units comprised of mixtures of military grade parts and lower quality commercial 
parts and, therefore, there must be some configuration that realizes a small cost 
saving. However, the idea of commercial parts and more repairs was found to be a 
poor one. Consider the following example using the same reliability analysis method 
described in the preceding paragraphs. 

Examining a 10 kW, DC-DC converter module 

Simplex Design, Commercial Parts, R (Reliability) = 0.42 
Redundant Design, Commercial Parts, R = 0. 64 
Simplex Design, Military Parts, R = 0. 94 
Redundant Design, Military Parts, R = 0. 99 

For this kind of unit, piece-parts typically cost 20% of the recurring total; assembly 
and test labor costs account for the remaining 80%, for parts built to military standards. 
Commercial parts usually cost approximately one-tenth as much as military parts. 

Therefore, normalized costs can be compared: 

Simplex, Military - unit = (0. 80) + (0. 20) = 1. 00 

Simplex, Commercial - unit = (0. 80) + (0.20) (0. 1) = 0. 82 

Redundant, Commercial - unit = (0. 80) + (0. 20) (0. 1) (1. 19) = 0. 824 

The baseline system would fly eleven Simplex Military units with R = 0. 94 and 

average one failure in ten years. 
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If we substituted eleven redundant commercial units with R - 0. 64, the system 
would average four failures in ten years. 

Military Unit Cost = (11) (1. 0) + (1) (1. 0) = 12. 0 

Commercial Unit Cost = (11) (0.824) + (4) (0.824) = 12.36 

Therefore, lower reliability costs more, even without considering the added costs 
of transportation to orbit and repair and replacement in orbit. The baseline Military 
units are more cost effective at this level of analysis and mixes of parts in detailed 
designs will not be considered. 

CONCLUSION: Ten year life places demands on the reliability of PMS units that are 
beyond the capability of current technology for full capacity. PMS functions can be 
accomplished using parallel combinations of smaller units and including operational 
spare capability (one module). Those modular units can meet reliability requirements 
when they are sized for minimum life cycle cost. Minimal replacement and repair will 
be required in orbit (an average of one failure for each module family in ten years) and 
Simplex military-quality units provide the best quality/repair compromise. Component 
and functional MTBFs are shown in the block diagrams of Figures 3-58 and 3-59. 

Examining piece-part failure rates which are the largest contributors to PMS 
component failure rates yields results that are no different from those that designers 
and reliability engineers have come to expect. Output semiconductors handling large 
amounts of power and capacitors with high amounts of ripple current are the primary 
offenders. While none of the designs evaluated experiences premature failures due 
to these causes and specific reliability improvements are not required for this type of 
modular system, improved individual unit reliabilities can be improved as shown in 
Figure 3-32 through piece-part level redundancy or reliability improvement in these 
two main areas. 

3.2. 11 "Estimate the environmental excursions and thermal dissipations of the PM 
components. Recommend a cooling concept. " 

3. 2. 11. 1 Without some thermal control through intentional power dissipation, thermal 
excursions of PMS hardware can be very wide. 

On the hot side, good thermal design will limit piece-part junction or active element 
temperatures to 125°C on a worst case basis. As explained in subsection 3. 2. 10, this 
approach will result in real maximums in the 85°C area with average thermal heat sink/ 
radiator temperatures of 45°C. 
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Figure 3-58. AC system modular reliability. 
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Figure 3-59. DC system modular reliability. 
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The low temperature end of the excursion caused by eclipse periods is a different 
problem. If a thermally isolated module (at an unused payload interface, for example) 
were simply left off, its temperature would stabilize at its deep space radiator tem- 
perature which could be below -200°C. While electrical components could be designed 
to meet this kind of extreme temperature range, current technology is, in general, 
capable of -65°C to 125°C. An extensive program of materials development for thermal 
matching over wide ranges is clearly not justified when another obvious, simple solu- 
tion is available. That is, to allow the system controller to provide for some power 
dissipation in isolated, normally off functions. For such a thermal control arrange- 
ment, mechanical layout of the modules could minimize the requirement for "thermal" 
power by arranging to have an "on" module close to an "off' one on the same heat sink, 
eliminating the need to heat the "off' module internally. In addition, there is no effect 
on full-load dissipation or efficiency, since "thermal" power is not required there and 
plenty of power is available when needed at light loads. 


Therefore, good system management can maintain component temperatures in the 
-65°C to 12 5° C range which current devices can accommodate, and there is no need for 
funding to develop more capable devices. 

3. 2. 11. 2 Based on projected component efficiencies. Figures 3-60 and 3-61 list the 
full- load efficiencies of the individual modules which make up the PMS functions. 

3. 2. 11. 3 From an operational point of view, a totally passive thermal radiator cooling 
concept is the preferred way to operate. In that way, a failure in the active system 
serving the platform and payloads would not disable the power system and would allow 
full operation of critical systems such as life support. 

Assuming an overall system full- load efficiency of 92. 5% yields a full-load system 
dissipation of 18.75 kW. From thermal design considerations, under normal conditions, 
the PMS heat sink/radiator temperature would be 45°C to maintain the components at 
their maximum 85°C. 


The classical thermal radiation equation has been used: 


Q r = 0. 171 F E Fa A 



with the following assumptions: 



Btu/hr 


Fe (emissivity factor) = 0. 8 to 0. 9 

Fa (view factor) = 0. 5 (including sun, earth, reflection, and radiation) 

A (area) = ft2 


and the radiator size requirement becomes approximately 506 ft^ or 47 m^. 


3-68 




Figure 3-61. DC system efficiencies 
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The docking module is 18 m long x 4 m in diameter having a surface area of 
226 m 2 . Therefore, if we use approximately 25% of the docking module surface for 
thermal radiation, it can provide PMS cooling by direct conduction from hardware 
mounted on the inside surface. Looking at the docking port layout in the requirements 
document shows that at least this much area is available. 

CONCLUSION: Units of this type would normally be designed for cold-plate cooling. 
That cold plate can be the outside surface of a portion of the space platform docking 
module. It would allow for maximum surface temperatures of 45°C under worst case 
conditions with lower temperatures during normal operation. 

There are no major technical drivers influencing system choice from thermal 
considerations since both AC and DC systems have similar efficiencies. 

3. 2. 12 "Establish accessibility requirements for maintenance and replacement of PM 
components. " 

EVA cost estimates from the STS User's Handbook of $60,000 to $100,000 for each 
six-hour activity are a strong driver to make all PMS components accessible from in- 
side the space platform. The preceding paragraph suggests an appropriate approach. 

PMS component modules are distributed around and mounted to the inner surface 
of the docking module. In this way, they are accessible from inside the module and 
can have heat transfer surfaces in contact with the outer skin of the module for direct 
radiation to space. 

For maintenance and replacement or repair, astronauts would simply enter the 
docking module with an air environment and isolate the module to be removed by opera- 
tion of a mechanical switch. It is proposed that the signal connections be via conven- 
tional low power or optical connectors and the main power connection be bolt-down 
terminals. Mechanical mounting would be a system of bolts providing the necessary 
pressure at the thermal/cold plate interface. 

While it sounds inconvenient, this "low technology" approach is appropriate to this 
application since it does not demand new development and the statistics of reliability 
predict fewer than ten failures for the total complement of modules, for the system's 
ten year life. 

Since both AC and DC systems would use the same design approach with equal 
ease, there are no significant technology drivers from mechanical design, maintenance, 
or replacement considerations. 

Both systems would likewise be affected equally by mass and size restrictions, and 
ground handling and maintenance would be a stronger driver than the zero-g problems 
in orbit. Assuming that two astronauts would likely manipulate heavy or bulky equip- 
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ment in orbit, it is not unreasonable to expect that they could handle 100 kg and/ or 
1. 0 m3. The same two men, when on the ground at 1. 0 g might reasonably be expected 
to move and control 50 kg without special handling equipment. The largest individual 
modules in the DC system are the 400 Hz inverter modules at 16. 7 kW and 49. 8 kg. 

AC system high frequency inverter modules are 25. 0 kW and 43. 0 kg. Therefore, 
neither system provides a discriminator in this area. 

3.2. 13 "For the storage alternatives chosen for study, identify requirements for 
charging and discharging." 


Basic charging techniques are essentially the same for all three storage options: 
programmable constant- current source regulators with appropriate limit controls and 
overrides (i. e. , pressure, temperature). Charge/discharge efficiencies make sizes 
and capacities significantly different, with fuel cell systems requiring approximately 
twice the input power as either battery system. 


For the worst case orbit, the space platform is in the sun for 62% of its period. 
To provide full power during eclipse requires 250 kW for 38%. Battery input power 
is, therefore: 


Pbin ~ (250 kW) 



90% (Battery Efficiency) = 170 kW 


For fuel cells, the power becomes: 


P FC = (250 kW) 



45% (Fuel/Electrolysis Cell Efficiency) = 340 kW 


Fuel cells have more stable output voltage characteristics than batteries, but both 
are significantly better than solar cell output voltages from beginning to end of life and 
share the same regulators; therefore, discharge characteristics are not a driver for 
PMS design. 


Strictly from a PMS point of view, batteries (of either type) are the best choice, 
since they require about half of the charging hardware. From a total platform per- 
spective, battery life, quantities, and cost for ten years must be traded-off against 
fuel cell life and cost, with PMS hardware only part of the equation. 

CONCLUSION: Since both AC and DC systems can use either batteries or fuel cells, 
there is no major driver here. However, since the AC system voltages are more 
flexible, it removes the need for high voltage interface with batteries or fuel cells. 
Because of the significant reduction in power management hardware, this study will 
assume batteries in all subsequent work. 


3. 2. 14 "Examine alternative power conductor, return conductor, and grounding 
concepts." 
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3.2. 14. 1 Overall supply, return, and grounding concepts have been examined from the 
point-of-view of external electric and magnetic field interractions (both generated and 
induced) and noise generation and pick-up. While definitive magnitudes for the above 
effects cannot be established without a rigorous analysis of a specific configuration, 
some general conclusions (sufficient for the depth required of this study) can be made 
from the defined baseline space platform. 

To minimize system and payload interraction, noise, pick-up, and field effects, 
each major load should have its current return through a bus which is physically close 
to its supply (i. e. , coaxial or twisted). This, then, demands a single point ground in 
the docking module and does not allow using the uncertainties of a return through the 
vehicle structure. 

3. 2. 14. 2 For the voltage levels selected in subsection 3.2. 8, bus currents are low 
enough so that bus weights can be kept small compared to other system weights and, 
therefore, losses are low. They are estimated to be on the order of 0. 5% for the two 
redundant bus systems combined and operating at full load, for a total dissipation of 
1. 25 kW, distributed along approximately 200 m (two-each 50 m supply and return) of 
total bus length. Average bus temperature would be maintained below 85° C for a bus 
radiating width of less than 2 cm. Since the AC coaxial bus has about 10 cm and any 
conventional DC bus would be larger than 2 cm, passive cooling is adequate for this 
application. 

3.2. 14.3 For the DC transmission system, conventional solid wires in a coaxial or 
twisted pair configuration are adequate. 

For the AC case, there are bus effects influencing overall system design which 
drive the bus design. Since the transmission system becomes part of the AC resonant 
converter link in this system approach, inductance must be minimized, which dictates 
a choice of coaxial design. For a 100 m round trip, a coax has stray inductance of 
approximately 25/xh, while a conventional approach would have 175 /xh. 

The second major consideration has to do with skin effect at these frequencies. 
Figure 3-62 plots depth of penetration as a function of frequency and Figure 3-63 shows 
the resistance as a function of frequency for hollow cylindrical shapes with various 
aspect ratios and constant metallic cross section. 

From these considerations, an appropriate typical bus design is shown in Figure 
3-64. It provides a flat side for good thermal conduction to the platform outside wall/ 
radiating surface, coaxial configuration for minimum inductance, and hollow conduc- 
tors to account for high frequency skin effects. Dimensions and notes are typical for 
this application. 


3-72 


OHMS/METER X 10’ 3 


FREQUENCY - kHz 


Figure 3-63. Resistance vs. frequency in Aluminum at 20°C 
(2 cm2 cross section) 







• MINIMUM INDUCTANCE (25/xh vs 175 ^.h) 

• MAXIMUM NOISE CANCELLATION 

• MINIMUM NEAR FIELDS FOR COUPLING 

• 1 :40 WALL THICKNESS - DIAMETER RATIO 

(INNER CONDUCTOR 
0.1 CM THICK X 4.0 CM DIAM 
FOR 0.5% l 2 R LOSSES) 


STIFFENER/ 
MOUNTING PLATE 


FLAT MOUNTING 
SURFACE FOR GOOD 
THERMAL CONDUCTIVITY 



INNER CONDUCTOR 
OUTER CONDUCTOR (GRID) 


INSULATION (HIGH THERMAL 
CONDUCTIVITY) 


Figure 3-64. Preliminary power transmission line design (cross section). 


C ON CLUSIONS: Main busses for either system will be semi-rigid and firmly fastened 
in place because of conductor sizes and the requirements to control the parameters 
such as inductance and coupling. Branch and interconnect busses feeding individual 
loads will be flexible for maximum convenience. Bus interconnections, added taps, 
and growth provisions are sufficiently complex considerations so that additional, 
more detailed work is recommended, directed at those subjects. 

3. 2. 15 "Identify the requirements for the protection equipment and protection circuits 
including overload capability and including typical circuit arrangements and sizing of 
distribution branches." 

In general, good engineering practice for the design of the class of equipment we 
would fly in this kind of system would derate individual components between 25 and 50% 
based on maximum allowable junction or element temperatures. Therefore, steady- 
state short term overloads up to 50% could be tolerated without triggering any immediate 
new failure mechanisms. The momentary decrease in reliability associated with 
increased dissipation and temperature during the overload has no statistical signifi- 
cance on 10 year system reliability. Higher transient overloads (on the order of one 
device or bus thermal time constant) can certainly be accommodated. Actual values 
will depend on the individual thermal masses involved in actual designs, so definitive 
numbers cannot be supplied except for a few representative examples. 
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In practice, overload protection would be under control of the system computer, 
through sensed voltage and current for each major load or distribution branch. An 
allowable energy threshold will be established (power-time product) and a branch 
turned off when it is exceeded. As LSI capability increases over the next few years, 
this function could be included in RPC design for better response. At these power 
levels, it is our opinion that conventional output limiting (load-line limiting, etc. ) 
will require enough thermal overdesign to take care of dissipation during an overload 
to make RPCs containing such features unattractive from a size and weight point of view. 

However, RPC design must still be sufficient to accommodate short term overloads 
up to and including shorted outputs, for as long as it takes to be sensed and turned off 
either locally or remotely. On a worst- case basis, that time could approach 200 
micro- seconds. 

General operational requirements for RPCs operating in AC or DC systems will be 
the same, with the obvious power form differences. Switching hardware can, therefore, 
have basic differences, with thyristors meeting the AC system needs without further de- 
velopment and transistors applied to DC interfaces. Transistor capability must be im- 
proved for application in this size system, as documented in Appendix 3. 

Distribution branch sizes will be based on payload needs and modular breakdowns 
for PMS major components. As an example, each payload breakout from the 250 kW, 
1000 V, main bus will have a total capacity of 140 kW which will be split into 4 sub- 
busses to feed the distributed interface hardware as follows: 

a. 25 kW to 115 VDC, (5) 5 kW circuits into the payload 

b. 25 kW to 115 VAC, (5) 5 kW circuits into the payload 

c. 15 kW to 28 VDC, (3) 5 kW circuits into the payload 

d. 75 kW unregulated, (6) 15 kW circuits into the payload 

3.2. 16 "Investigate automated methods of power system control and monitoring which 
minimize crew involvement. Include an examination of automatic load shedding features. 
Identify impacts of automatic control on PM components." 

Normal system control will be accomplished by a multiple, federated group of 
microcomputers distributed about the vehicle and communicating over standard data 
links, using protocols similar to those currently being developed for communications 
in the Digital Integrated Subsystem (DIS) (see Reference 22). Hardware and software 
is being developed for this and similar systems, and the power management problem 
will be only one detailed sub-element of that development. Therefore, the control 
system design to solve the problems of system control, communication, redundancy 
management, self test, etc. is being addressed in great detail and need not be a con- 
cern of PMS development. 
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For PMS control, loads will be prioritized and controlled, based on a predeter- 
mined set of algorithms which will react to satellite energy supply conditions, system 
status, mission status and demands, and payload conditions and demands. 

Specific impacts on power management components concern data and command 
interfaces, so PMS hardware is compatible with DIS type protocols and standard data 
links such as MIL-STD-1553, which are expected to be optical by the mid-to-late 1980s. 

In more detail, RPCs would be expected to take commands in serial digital form, 
decode them, and execute the appropriate function. Data required for system manage- 
ment or instrumentation (i. e. , voltage, current) must be digitized, formatted, and 
transmitted when requested on the same serial data bus communication system. Other 
system components (converters, regulators, etc.) would interface with the command 
and control subsystem in the same way. 

Therefore, there is no driver of significance affecting the design of the PMS itself 
or the selection of system type from the control considerations. 

3. 2. 17 "Investigate electromagnetic interference problems that require new technology." 

The intent of current specifications such as MIL-STD-1541 is generally applicable 
to these types of systems. For our primary and backup systems, there are many par- 
ticulars which require additional data. 

3. 2. 17. 1 AC System 

a. Characteristics of ultrasonic power line frequencies are not addressed. The 
major intent of the specification appears to assume frequencies in the 60 Hz 
to 400 Hz range. System impacts of ultrasonic power need to be evaluated, 
and new values for conducted and radiated interference in this domain must 
be specified. 

b. To meet the general requirements, several system technology questions must 
be addressed: 

1. Zero current switching is possible with AC systems and is a simple method 
to eliminate switching noise which can cause EMI noise. Methods to imple- 
ment it in practical systems must be evaluated. 

2. Low loss, high line frequency EMI filter components must be developed. 

New dielectric materials for large capacitors and for transmission line 
insulation must be provided specifically for the ultrasonic region to mini- 
mize losses and component heating. (See Appendix 2, Sheet C-5. ) 
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3. High voltage filter* components are required. While not really beyond 
the state of the art, system voltages are higher than those commonly 
proposed for space power applications, and qualified, physically effi- 
cient components must be provided. 

3. 2. 17. 2 DC System 

a. Rise and fall time limited switching. A major noise source in DC power 
systems is the transients which occur during switching in converters and 
load changing. With multi- kW individual switches, the only practical way to 
reduce this is to control the rate- of- change of line current to an acceptable 
value. RPC designs will have to include controls on current during turn-on 
and turn-off and allow for the increased transient power dissipation in their 
thermal design. 

b. High voltage filter components are required for the same reasons as AC and 
the AC discussion is, therefore, valid for this DC case also. 

3.2. 18 RESONANT SYSTEM DESIGN. Since the resonant design approach is the main 
development which enables the AC PMS to compete favorably with DC from a size, 
weight, efficiency, and cost point of view, a clear understanding of its operation is 
important to justify the recommendation of AC over DC. 

Referring to Figure 3-65a, if switch SI is closed the circuit will be excited and 
"ring" at its natural frequency as determined by the values of L and C. The current 
will have a waveform as determined by the circuit constants and shown in Figure 3- 6 5b. 
If the resonant circuit is now excited from a pair of opposite polarity sources through a 
pair of toggled switches operating at the natural frequency, a sustained AC wave can be 
developed, as shown in Figures 3-66a and 3-66b. Alternatively, a single source and 
four switches arranged in the usual "bridge" configuration and using thyristors as the 
switches (Figure 3-67a) will produce the same results. The load can be transformer 
coupled (Figure 3-67b) and any isolated output AC power can be provided. Component 
sizes make this approach to inverter design impractical for reasonable amounts of 
power and typical power line frequencies (60 Hz or 400 Hz). However, component sizes 
become manageable when AC frequencies above 10 kHz are used. Of course, this is not 
very practical with today's equipment. 



(a) ( b ) 


Figure 3-65. Basic resonant circuit. 
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Figure 3-66. Dual polarity resonant circuit. 




Figure 3-67. Bridge driven resonant circuit. 



LOAD - R l 


Consider one additional system modification. If the simple load resistor is re- 
placed by a "bridge-connected" set of switches (see Figure 3-68) driving the load, they 
can be operated as a synchronous demodulator to supply the load with DC power of 
either polarity, controlled by the transformer ratio and the demodulator duty cycle. 

In fact, with appropriate duty cycle control, low frequency output AC can be provided 
if its frequency is sufficiently lower than the carrier frequency. 

Using this technique, a practical power system can be designed that takes any 
voltage DC, changes it to high frequency AC (20 kHz), transformer couples it to any 
appropriate transmission voltage, transformer couples it to any load voltage, and 
demodulates it to any voltage DC or low-frequency (60 Hz or 400 Hz) AC to an indivi- 
dual load. The major elements of one such system, in a modularized form, are 
shown in Figure 3-69. 
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VdcON) 



Figure 3-68. Bridge driven resonant circuit with transformer coupled, 
demodulator controlled load. 


UD4Q (DRIVER) 



DC OUTPUT 
FOR 

PAYLOAD 

(TYPICAL) 

Figure 3-69. Simplified system schematic representation showing 
major power elements only. 


3-79 



This resonant approach to power conversion has significant advantages over con- 
ventional designs, whether it is used for a total system or for power conversion in a 
single unit. 

a. Improved Efficiency - All switching is done when the current waveform passes 
through zero, thereby eliminating dynamic switching losses which are signifi- 
cant in conventional approaches. Power can be transmitted and switched at 
its most efficient voltage and current, independent of input and output inter- 
faces. Solar array voltages can be kept low, minimizing plasma losses for 
LEO space platforms. 

b. Reduced Size and Weight - Reactive components for filters and voltage or 
current transformation are designed for high frequency, making them signi- 
ficantly smaller than in conventional systems. Total power handling hard- 
ware required (for both ends) is about the same as any DC-DC converter. 
Lower losses result in reduced demands for solar arrays, batteries, and 
thermal management hardware. 

c. Coupling transformers perform multiple functions - A rotary transformer in 
the system eliminates the need for slip rings at the rotary joint. The load 
transformer has been designed to provide the interconnect function, elimi- 
nating the need for spacecraft high voltage, high current, connectors. Total 
source/line/load/ground is inherently provided. 

Since this discussion is intended to describe the general theory and concepts of 
resonant AC power systems, the data and schematics presented are simplified for 
clarify. For example, switch drive circuits are not included, and closed loop control 
circuitry has not been addressed. For a complete discussion of the engineering and 
technical details of such a system see Reference 15. 

In summary, this resonant AC system approach has been recommended for this 
application because of its versatility, low losses, high physical efficiency, and opera- 
tional advantages. 
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3.3 TASK 1 - FINAL RESULTS 


Task 1, Part A yielded two system configurations to be examined in detail. They have 
herein been called DC- centralized and AC-distributed. The seventeen specific topics 
of Task 1, Part B addressed detailed trade-offs which affected system design. Part B 
also documented and defined system hardware. That overall process led to the evolu- 
tion of AC and DC system topologies and more detailed technical descriptions of sys- 
tem elements and parameters. Detailed characteristics and requirements for major 
system components have been defined and documented in Appendix 1, Volume II, and 
the differences between data in the "state of the art" and'"PMS requirements" columns 
form the basis for the technology gap analysis of Task 2. 

To better understand the source of the requirements and to provide a coherent 
picture of the major results of study Task 1, the following finalized system descrip- 
tions are provided along with final recommendations about the "big questions" addressed. 

3.3. 1 AC SYSTEM. This system configuration evolved from the basic AC-distributed 
topology (presented in subsection 3. 1.3) into a hybrid system with the following signi- 
ficant features. 

a. Modular configuration, with each major module group providing full specifi- 
cation power capability plus one operational spare module, sized for minimum 
life cycle costs. See Figure 3-70 for a block diagram showing major module 
groups and breakdowns. 

b. Hybrid DC- AC design, with solar array and energy storage interface hardware 
and conditioning equipment DC and all contained in a PM module on the array 
side of the platform rotary joint. That module also contains an inverter to 
drive the AC transmission and distribution system on the payload side of a 
rotary transformer type joint. 

c. Hybrid regulation and control, with the system inverter providing general AC 
regulation as a centralized unit with AC-DC converter/regulator modules 
providing those functions at each payload interface as required. Figure 3-70 
is a system block diagram showing this general configuration. 

d. Resonant, high voltage, high frequency transmission and distribution. The 
system design is not a conventional AC inverter/transmission/converter sys- 
tem with the usual module designs for those functions. To save weight and 
cost and to improve efficiency, the entire system is designed as a single dis- 
tributed resonant converter. The single device prototype which was used as 
the starting point for this approach was developed by F. C. Schwarz on NASA 
Contract NAS3-30363 and is described in detail in Reference 15. 
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CONVERTER/REGULATOR MOOULES 


Figure 3-70. Resonant DC-AC-DC/AC system block diagram. 

This approach uses a modular, transformer- coupled driver as a DC to AC 
inverter which is only the switch element bridge half of the usual converter 
or cyclo inverter. The transformer- coupled transmission line is the usual 
resonant link. The switch element bridge- connected type receivers are dis- 
tributed at the payload interfaces and transform the line high frequency 
power to whatever is required by the individual payloads. These receivers 
are also only half of the usual hardware. For those payloads capable of using 
high frequency AC directly, only transformer coupling would be required. 

The trade-offs of subsections 3. 2. 6 and 3. 2. 8 selected a frequency equal to 
or greater than 20 kHz and a system voltage of 1000 V RMS, respectively. 
Parameter variations in drivers and loads may cause the line frequency 
to vary as much as ±20%, but since line frequency is in no way critical to 
any system operational parameter, there would be no impact. 

e. Because of the flexibility offered by transformer coupling at both ends, solar 
array and battery voltages are kept low to improve reliability and minimize 
plasma interractions. (Refer to Appendix 2. ) The value selected is less than 
or equal to 440 VDC, a voltage that is low enough for this application and for 
which much power control equipment has already been developed. Voltages 
at the load interface hardware are adjusted to take best advantage of currently 
available hardware such as the D60T transistor, eliminating the requirement 
for new transistor development for this size system. Figure 3-60 showed 
system voltages, powers, and other important electrical quantities. 
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f. This distributed resonant converter approach provides good efficiency, size, 
weight, and cost. Figures 3-60 and 3-71 show these quantities. Costs dis- 
played are average production (recurring) costs per unit based on building 100 
modules (for more than one platform) with an 85% learning curve. 

g. This modular breakdown provides for the appropriate reliability for ten years 
with only minimal repair. Figure 3-58 listed the reliabilities and MTBFs of 
the various functions. 

h. Table 3-10 is a table of functional and technical advantages of this AC/DC 
hybrid system approach. 
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Figure 3-71. AC system modular costs. 


3.3.2 DC SYSTEM. The DC system configuration presented is also an evolution from 
the basic topology presented at the conclusion of Task 1, Part A. While it uses DC 
throughout, it is also a hybrid from the control and regulation point of view, containing 
the following major features. 

a. Modular configuration, with each major module group providing full specifi- 
cation capability plus one operational spare module, sized for minimum life 
cycle costs. See Figure 3-72 for a block diagram showing major module 
groups and breakdowns. 
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Table 3-10. AC system advantages and disadvantages. 

MAJOR ADVANTAGES 

• High degree of flexibility for general purpose platform 

• Simple power system isolation 

• Reduced plasma losses for low-voltage array 

• Components more mature 

• Simplified storage interface (fuel cells and batteries) 

• Growth potential 

• Noncontact interfaces and devices 

• No inherent voltage ceiling 

MAJOR DISADVANTAGES - None 

ADDITIONAL DEVELOPMENT REQUIRED 

• System proof of concept required 

• System design required 

• High-frequency user equipment development 

• Ultrasonic interference and plasma coupling must be evaluated 
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Figure 3-72. DC system block diagram. 
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b. Solar array, energy storage, and transmission busses all at the same voltage, 
which is a compromise between plasma losses and system losses as developed 
in subsection 3. 2, 8. The value selected by those trade-offs is 750 VDC. It 
is not efficient to operate the solar arrays and energy storage hardware at a 
lower voltage, as even the most efficient DC step-up hardware (a CDVM) 
would provide approximately 5% losses, about twice what is lost by the rec- 
ommended approach. Only about 2. 5% is lost from the solar arrays to the 
surrounding plasma at the DC system voltage of 750 VDC. Figure 3-61 shows 
important electrical parameters. 


c. Hybrid regulation and control. Evaluation of system losses for the centralized 
approach of subsection 3. 1. 3 showed that the high currents associated with 
the switching and distribution of 28 VDC required by the payloads (approxi- 
mately 4000 amperes, worst case), created major system losses. Therefore, 
a configuration was chosen which maintained centralized regulation and control 
for the higher voltage AC and DC payload requirements and utilized distributed 
regulation and control located at each payload interface for 28 VDC, as shown 
in Figure 3-61. Figure 3-73 lists the sizes, weights, and costs. Costs dis- 
played are average production (recurring) costs per unit based on building 100 
modules (for more than one platform) with an 85% learning curve. 
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Figure 3-73. DC system modular costs. 
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d. This DC system is the "least expensive" system from a life cycle cost point 

- of view. As such, it does not inherently provide power system isolation at the 
payload interfaces and, if required, it must be provided by the user. 

e. This modular breakdown provides for the appropriate reliability for ten years, 
with only minimal repair. Figure 3-59 lists the reliabilities and MTBFs of the 
various functions. 

f. Table 3-11 is a table of functional and technical advantages of this DC hybrid 
system approach. 

Table 3-11. DC system advantages and disadvantages. 


MAJOR ADVANTAGES 

• 

Mature system design 

• 

AC conversion not required 

MAJOR DISADVANTAGES 

• 

User interface flexibility through complex hardware 

• 

Difficult power system isolation 

• 

High array voltage to minimize PMS losses increases 


plasma problems 

• 

Voltage ceiling of approximately 1000 V 

• 

Rubbing contact interfaces and devices 

ADDITIONAL DEVELOPMENT REQUIRED 

• 

Higher rating components 


3.3. 3 FINAL RECOMMENDATIONS. At this point in the study, the system recom- 
mended as the primary one is the AC/DC hybrid with hybrid regulation and control for 
the reasons summarized below. 

3. 3. 3.1 Interface Design Contributes: 

a. High flexibility with simple, efficient hardware 

b. Simple user isolation with high frequency transformers for noise immunity 
and special grounding of critical circuits and assemblies. 

c. Transformer payload connector has no open connections and has rugged 
hardware to simplify docking interface by using a magnetic disconnect 
designed by General Dynamics. 
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3. 3. 3. 2 System AC allows: 

a. Minimum component development of semiconductor piece- parts due to ability 
to adjust voltage and current with transformers. 

b. Contact-free interfaces and user equipment (switches, motors, etc. ) 

c. Total voltage/current flexibility to take advantage of hardware characteristics 
and ratings. 

d. Easy growth to higher powers because of lack of voltage ceiling. 

e. Simple modular interface for improved reliability and redundancy management. 

f. Battery interface which matches battery characteristics most closely. 

g. Significant transient EMI reduction by using zero cross-over switching for 
the AC current waveform. 

h. Fault switching at the zero cross over for safer fault counteraction. 

.3. 3. 3. 3 Resonant converter designs have improved system size, weight, efficiency, 
and reliability. 

3. 3. 3. 4 The all-DC system is being continued into Task 2 as an alternate recommen- 
dation so that important technology gaps and technology requirements unique to DC will 
not be ignored in future planning, since DC could still be the correct answer for a 
different application. 

3.3.4 FINAL COST ANALYSIS. At this point, sufficient detail is available on both 
the primary recommended AC system and alternate DC system to provide full cost 
analyses of both. Table 3-12 is the cost breakdown for AC and Table 3-13 is for the 
DC system. 

It should be noted that these two systems represent the least expensive AC system 
and the least expensive DC system for this application, even though they do not have 
equivalent capabilities. Section 3. 3 has presented a thorough discussion of their 
capabilities in terms of advantages and disadvantages. To better understand the 
differences and their cost impacts, a final cost summary is presented in Table 3-14 
and includes the totals for a conventional AC system and a DC system which is opera- 
tionally equivalent to the recommended AC one. Block diagrams of those additional 
configurations are presented as Figures 3-74 and 3-75, respectively. 
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Figure 3-74. Standard, distributed 3-phase AC power system. 
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Figure 3-75. Distributed DC power system. 
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Table 3-12. AC power system cost hybrid regulation. 



COST 1979$ K* 


Design 

First Unit 

Production 

Operations 

Totals 

Power Management System 

6778.3 

N/A 

5538.8 

1572.4 

12889.5 

Flight Hardware 

4237.9 

N/A 

2849.6 

_ 

7087.5 

Power Transmission 

148.0 

N/A 

149.8 

- 

297.8 

Conductors 

TBD 

TBD 

TBD 

- 

TBD 

Slip Rings 

- 

- 

- 

- 

- 

Coupling Transformer 

19.0 

1.0 

30.0 

- 

49.0 

Rotary Transformer 

129.0 

6.9 

119.8 

- 

248.8 

Distribution Control 

N/A 

N/A 

N/A 

_ 

N/A 

Processing 

N/A 

N/A 

N/A 

- 

N/A 

Conditioning 

2665.9 

N/A 

2117.2 

- 

4783.1 

DC-DC Converter 

- 

- 

- 

- 

- 

DC-AC Converter 

1224.0 

242.0 

815.0 

- 

2039.0 

AC-DC Converter . 

660.0 

108.0 

909.0 

- 

1569.0 

Charge/Discharge 

726.0 

109.0 

336.4 

- 

1062.4 

Switchgear 

55.9 

19.6 

56.8 

- 

97.2 

Thermal Control 

1424.0 

266.0 

266.0 

- 

1690.0 

IA&CO 

673.8 

- 

316.6 

- 

316.6 

Subsystem Design & Integ. 

673,8 

- 

- 

- 

673.8 

Software 

TBD 

TBD 

TBD 

TBD 

TBD 

Tooling 

TBD 

- 

TBD 

- 

TBD 

Sustaining Engineering 

- 

- 

427.4 

750.0 

1177.4 

System Test 

1060.0 

- 

- 

- 

1060.0 

GSE 

423.8 

- 

- 

- 

423.8 

Facilities 

0 

- 

- 

0 

- 

Training 

60.0 

- 

- 

150.0 

210.0 

Spares 

- 

- 

253.3 

253.3 

506.6 

Initial 



253.3 

- 


Consumption 



- 

253.3 


Ground Operations 

- 

- 

- 

83.0 

83.0 

Maintenance/Refurb 

- 

- 

- 

78.0 

78.0 

Life Support 

- 

- 

- 

- 

- 

Transportation (to orbit) 

- 

- 

1832.0 

183.2 

2015.2 

Program Management 

322.8 

- 

176.5 

74.9 

574.2 


*"Costs" represent total life cycle costs excluding technology development. 
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Table 3-13. DC power system cost hybrid regulation, 




COST 1979 S K* 




Design 

First Unit 

Production 

Operations 

Totals 

Power Management System 

6717.1 

N/A 

4988.3 

1524.6 

13230.8 

Flight Hardware 

4199.6 

N/A 

2380.2 

— 

6579.8 

Power Transmission 

160.0 

39.0 

92.8 

— 

252.8 

Conductors 

TBD 

TBD 

TBD 

— 

TBD 

Slip Rings 

160.0 

39.0 

92.8 

— 

252.8 

Coupling Transformer 

- 

— 

— 

— 

— 

Rotary Transformer 

- 

- 

- 

- 

- 

Distribution Control 

N/A 

N/A 

N/A 

- 

N/A 

Processing 

N/A 

N/A 

N/A 

- 

N/A 

Conditioning 

2615.6 

N/A 

1756.9 

— 

4372.5 

DC-DC Converter 

446.0 

75.6 

605.6 

— 

1051.6 

DC-AC Inverter 

695.0 

117.0 

374.9 

— 

1069.9 

AC-DC Converter 

696.0 

134.0 

393.6 

— 

1089.6 

Charge/Discharge 

726.0 

109.0 

320.1 

— 

1046.1 

Switchgear 

52.6 

18.3 

62.3 

- 

115.3 

Thermal Control 

1424.0 

266.0 

266.0 

- 

1690.0 

IA&CO 


N/A 

264.5 

- 

264.5 

Subsystem Design & Integ, 

667.7 

- 

- 

- 

667.7 

Software 

TBD 

- 

- 

TBD 

TBD 

Tooling 

TBD 

- 

TBD 

- 

TBD 

Sustaining Engineering 

- 

- 

357.0 . 

750.0 

1107.0 

System Test 

1049.9 

- 

- 

- 

1049.9 

GSE 

420.0 

: - 

- 

- 

420.0 

Facilities 

0 

- 


0 

— 

Training 

60.0 

- 


150.0 

210.0 

Spares 

Initial 

Consumption 



211.6 

311.6 

211.6 

211.6 

423.2 

Ground Operations 

- 

- 

- 

83.0 

83.0 

Maintenance/Refurb 

- 

- 

- 

78.0 

78.0 

Life Support 

- 

- 

- 

- 

— 

Transportation (to orbit) 

- 

- 

1802.0 

180.2 

1982.2 

Program Management 

319.9 

N/A 

237.5 

72.6 

630.0 


‘"Costs" represent total life cycle costs excluding technology development. 
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Table 3-14. Costs for the primary system options. 


System 

Research and 
Technology 
Costs ($ M) 

Design 
Costs 
($ M) 

Recurring Costs 
(Prod. & Oper.) 
($ M) 

Life Cycle 
Costs Totals 
($ M) 

Non-lsolated DC System 

2.3 

6.72 

6.52 

15.54 

(Lowest Cost DC) 





Fully Isolated DC System* 

2.4 

6.72 

10.28 

19.40 

Conventional AC System 

2.0 

6.78 

11.53 

20.31 

Resonant, H.F. AC System* 

3.0 

6.78 

7.11 

16.89 

(Recommended) 






• CONCLUSION: For equivalent capability systems (marked *), the recommended 
AC system costs $2.51 M less. 


3.4 TASK 2. TECHNOLOGY ADVANCEMENT 

Task 2 methodology is shown in Figure 3-76 and the work statement for this task says: 
"The contractor shall use the outputs of Task 1 to identify the gaps in electrical, 
thermal, and mechanical technology for power management. Technology advance- 
ment efforts shall then be identified to eliminate these gaps. Estimates of develop- 
ment cost and schedule shall be made for those technology efforts that can meet 
Mid- to- Late 1980’s technology need dates with a normal development effort. 

"The contractor shall identify those technology advancements which are capable 
of meeting a 1984 technology need date. For those technology advancements 
which cannot meet the 1984 date, estimate the dates that the technology could be 
available. The Contractor shall rank these technology advancement efforts in 
order of priority with respect to their effect on life cycle costs. For the higher 
priority efforts, critical long lead items shall be identified and further defined. 
Those technology advancement efforts, which, after study, were considered to be 
unachievable by the Mid-to-Late 1980’s but which are capable of producing benefits 
shall also be identified except that estimates of program cost and schedule shall 
not be required." 
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TASK 2: TECHNOLOGY ADVANCEMENT 



| MULTMOO kW TECHNOLOGY 

, I PLAN 

INPUTS FROM I J • IDENTIFICATION OF SPECIFIC 

OTHEH STUDIES ^ DEVELOPMENT EFFORTS 


Figure 3-76. Task 2 methodology. 


3.4. 1 ELECTRICAL. The data sheets of Task 1 (Volume n Appendix 1) were each 
examined to compare "State- of- the- Art capability" with "PMS requirements" and all 
areas where differences existed were identified at the major component level. These 
are listed in Table 3-15. An analysis of each major component gap was then performed 
to determine which component(s) or technologies caused the limit. The "basic" gaps 
were then documented on Page 1 of the "Definition of Technology Requirement" data 
sheets. The complete set of these documentation sheets along with their second and 
third pages is included as Appendix 3. The sheets are numbered C-l through C-19 
(for component technology). 

General system analysis considerations identified other technology items not 
obvious from the component level evaluations described above. An example of one 
such item is a proof- of- concept analysis and demonstration of the AC resonant system 
design. This and similar technological developments are identified and documented in 
Appendix 3 on data sheets numbered S-l through S-5 (for system or high-level com- 
ponent technology). 
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Table 3-15. General areas where technology gaps have been identified. 


• AC system design for low weight and high efficiency (high voltage, 
high frequency) 

• High-frequency power transmission and power components 

• High-voltage, high- current semiconductor switch elements for DC 
applications 

• High-frequency user components 

• Rotary joint hardware 

• Transmission lines for the space environment 


Finally, a third category of gap has been identified where there is a basic lack of 
the physics data to complete necessary analyses. There are several topics in the 
plasma interraction area that fit this category. In addition, there are some components 
which could fulfill PMS needs which are commercial developments and additional 
MIL- type qualification will be required. These are included in Appendix 3, numbered 
D-l through D-8 (for data). 

Data Sheet page 2 documents the evaluation of the options and alternatives and 
looks at whether or not the gap is expected to be filled by already planned programs 
or undisturbed industrial technology advancement. Historical data showing prior 
development to today's status, the slope of the technology development curve, and the 
history of similar devices, coupled with assessments of general needs and industry 
preceptions of the demands of the market, were used to project the normal industrial 
development future. 

When a technology is identified as necessary for cost-effective PMS design, and 
the information on Page 2 (above) indicates that it will not be ready by the Mid- to- Late 
1980s without some sort of government encouragement or assistance, Page 3 is pre- 
pared to document an analysis which determines the extent of NASA sponsorship that 
is required. Estimates of schedule and funding are provided for those technologies 
where a normal NASA- funded development program will produce "Technology Readiness" 
by the mid-to-late 1980s. 

Finally, there are some useful technologies that will not be ready in this time 
frame, even with NASA help on a normal development basis. These are identified 
without detailed schedule or funding information and important long-lead items are 
highlighted to provide information for long- lead type technology planning. 
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Tables 3-16, 3-17, and 3-18 summarize the results presented on the data sheets 
of Appendix 3. Table 3-16 contains a list of those technologies which will probably be 
available through normal industrial development or through other programs now in 
progress. Table 3-17 presents those technologies which are necessary for cost- 
effective power management systems, and in which NASA must sponsor work, if they 
are to be ready to support the design of a system of this size in the mid-to-late 1980s. 
Table 3-18 contains those technology developments which are not expected to be avail- 
able by the required time, even with a NASA- sponsored program. Table 3-17 is 
prioritized according to program benefit with those items which represent the greatest 
cost saving having the highest priority. Three major groups are also defined and 
members of those groups are identified with Roman numerals I, n, or IE. Group I 
represents those items requiring immediate starts because they are key technologies 
or have long lead times. Group n represents those which are important, but whose 
lead times are short enough to allow later starts. Group in are those which are 
necessary, but non-critical and may be worked when time and funding allow. 

Table 3-16. Available technologies, mid-to-late 1980s*. 


• High current, fast recovery rectifiers 

• Improved performance triacs 

• Improved performance bipolar semiconductors 

• Environmental radiation effects on PMS design 

• Standard optical data bus interface hardware 

• Federated computer system hardware 

• Federated computer system software for general operation and 
redundancy management 


technologies judged to be available in the mid-to-late 1980s 
through normal industry development or development that 
has already been started. 
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Table 3-17. Technology development priorities*. 


GROUP** 

PRIORITY 

RANKING 

TECHNOLOGY DEVELOPMENT 

1 

1. 

Integrated "split" resonant DC-DC/DC-AC converter system development. 

1 

2. 

Rotary transformer development. 

I 

3. 

Payload connector development 

a. AC, magnetic connector 

b. DC, high voltage, high current 

1 

4. 

Improved performance semiconductor switch elements 

a. Improved ratings for power FETs 

b. Improved ratings for bipolar transistors 

1 

5. 

Coaxial transmission line development 

1 

6. 

Remote Power Controller (RPC) improvement 

a. Data/command interface 

b. Improved performance (voltage, current) 

c. Multi-pole, multi-throw configurations 

d. Incorporation of new devices 

e. Transient overload control 

II 

7. 

Plasma Characteristic Research 

a. Special tests for irregular shapes/transmission lines/small components (AC and DC) 

b. AC energy coupled into the plasma as a function of voltage and frequency (AC) 

c. Expanded flat-plate testing for plates with voltage gradients (AC and DC) 

d. Arcing phenomena characterization (AC and DC) 

e. Surface damage through sputtering (AC and DC) 

II 

8. 

Optical data bus rotary joint 

11 

9. 

Insulating materials with low dielectric loss at high frequencies 


10. 

Analysis of total platform dynamics 


— 

Assessment of high frequency power line impact on "standard" user equipment 

a. Motors 

b. Power supplies 

III 

- 

New/updated EMI-EMC specifications for high frequency power systems 

III 

- 

Thermal management system technology 

mm 

- 

Micrometeorite protection for insulated components 

■9 

- 

Space-qualified thyristors/triacs 

in 

- 

Space-qualified slip rings for high power and data transmission 


■^Priorities for important technology developments that NASA should sponsor in the early 1980s. 
**GROUP I Immediate start required 

II Shorter lead time will allow later start 

III Necessary items, non-critical start times 
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Table 3-18. Unavailable technologies*. 


• On-array power conditioning and control 

• Superconducting energy storage 

• Magnetic dipole attitude control 


^Technologies judged not to be available in time to support design starts 
in the mid-to-late 1980s. (5) 

3.4.2 THERMAL. Insofar as the power management system is concerned, no major 
thermal design gaps have been identified. PMS equipment for this size system can be 
cold- plate mounted with some internal heat pipe thermal conduction augmentation. 
Reasonable platform design would allow the PMS cold plates to be passively cooled by 
radiating their heat energy directly to space, as part of the docking module skin. This 
is not to say that the PMS cold plates could not receive active cooling assistance if it 
is available and convenient. However, some passive cooling capability must be re- 
tained so that the power system is not totally disabled by a thermal management sys- 
tem failure, and is totally isolated from any pumped fluid system failure. 

This does not mean that there is no technology work remaining in space platform 
thermal management. Payload and life support heat loads are certainly significant 
and the space radiator and total thermal management problems are far from solved. 

It is only concluded that PMS thermal control is not necessarily part of these problems. 

3.4.3 MECHANICAL. The major impact of mechanical design technology improvements 
is on unit size and weight. Size and weight of Shuttle payloads affects transportation to 
orbit costs which, in turn, affects life cycle costs. 

While it is certainly a desirable goal to make this class of equipment smaller and 
lighter, transportation costs are only about 15% of the total life cycle cost of a power 
system. Magnetic and filter components are perhaps the most massive components 
used in these systems and major improvements have already been made in their size 
and weight through the use of high frequencies, both for the AC power transmission 
system and the DC devices' internal frequency links. 

The industry, in general, is now moving toward smaller, lighter components. 
Additional NASA- sponsored technology programs in this area would have poor benefit- 
to-cost ratios, and are, therefore, not recommended for Shuttle-launched payloads. 
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Finally, power equipment has high densities, perhaps more than ten times the 
ideal Shuttle payload bay utilization density of 6.25 lb/ft 3 . Therefore, it is obvious 
that design trades that show that weight can be saved at the expense of added volume, 
should decide in favor of lower weight. 

3.4.3 TASK 2 CONCLUSIONS 

a. While a 250 kWe space power system could theoretically be "brute force" 
designed with today's technologies, NASA must sponsor key technology 
developments to make it cost-effective. 

b. With NASA sponsorship on normal development programs, there are no key 
technologies that will not meet mid-to-late 1980s need dates. 

c. The recommended AC system has technology gaps primarily in the proof- of- 
concept, system design, and high level component areas. 

d. The alternate DC system has technology gaps primarily in the detailed com- 
ponent and piece-part areas. Actual component design and maximum electri- 
cal performance and ratings must be improved. 

e. Thermal considerations related to the PMS alone do not show any significant 
technology gaps. 

f. There are no significant technology gaps in mechanical design areas for 
power hardware in a system of this size. 
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STUDY CONCLUSIONS 


4. 1 The DC-AC-DC/AC system with hybrid regulation and control and resonant con- 
version provides the "best" cost-effective approach to power management for this type 
of general purpose space platform, operating in low earth orbit, in the power range of 
100 to 250 kWe. 

4. 2 All-DC systems are a second choice, but could be a first choice in applications 
with fixed loads, fewer payload variables, and different demands and parameters. 
Therefore, technologies in support of all-DC systems should continue to be developed 
along with those unique to AC. 

4.3 High voltages (750 V for DC and 1000 V for AC) and high frequencies (low ultra- 
sonic) are appropriate to systems and components in the power management of space 
platforms in this power range. 

4. 4 Power management hardware is expected to cost in the neighborhood of $30. 00 
per peak watt, on a recurring basis, on orbit, for this size system and application. 
This represents total life cycle costs for a ten-year-life space platform, excluding 
technology development and design costs. 

4. 5 An opportunity exists to improve overall satellite design by moving more mass 
to the solar array portion of the system which maintains a more nearly fixed position 
in inertial space, thereby reducing stationkeeping requirements. 

4. 6 Ten year life is a reasonable expectation for PMS hardware in this size modular 
system. 

4. 7 While a 250 kWe space pove r management system could theoretically be "brute 
force" designed with today's technology, NASA must sponsor key technology develop- 
ments to make it cost-effective. 

4. 8 With NASA sponsorship on normal development programs, all key technologies 
will meet mid-to-late 1980s need dates. 

4. 9 NASA now has two attractive options for space platform power management, 
where only one was considered to be cost-effective prior to this work, and that choice 
of options will provide systems better suited to specific applications. 
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APPENDIX 1 


PMS COMPONENTS CHARACTERISTICS 
DATA SHEETS 
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INTRODUCTION 


The individual data sheets in this appendix document major components making up 
both AC and DC versions of a 250 KWe space platform power management system. 

The data is presented in two parts: Part A shows physical data and Part B documents 
electrical performance. General descriptive data and mechanical and electrical inter- 
face requirements are presented along with specific mechanical and performance data 
in three categories: 

1. PMS Requirements - what is needed based on system design, tradeoffs, 
and modular breakdowns . 

2. State of the Art - what is currently available in a state of technology 
readiness. 

3. Achievable Capability - our evaluation and estimate of what can be ready 
in 1984 or the mid-to-late 1980's. 

Finally there is a block summarizing the results of the analysis and the significant 
conclusions about the technology involved in each component. 

Where required, physical data curves are included for clarity. Switchgear is pre- 
sented by using a summary, a curve, and a table for individual units for both electro- 
mechanical and solid state types, and individual electrical performance (Part B) 
charts for each switch. 
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PART A — PHYSICAL 
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PHYSICAL INTERFACE REQUIREMENTS/CHARACTERISTICS Uoor TSe-sAqpae-fc -r 0 

To A, Cov_o uo itK loio TU.<=rri>~«.*-t_ i wPEOKwtt . 

vjoirr^qc. Auti aot-ssj&»iTio»oA,»_ cowoecreej, tee-Quute*Dt> . 

MATERIAL CONSIDERATIONS j 

MAtetU-At. t=orz_ *+oics -foq S»ELfcOnrt> pfc^. I_t6(-VT LOCVGHT /OO ts Coob | 


c*kj , Du.t-nvjiTY . Wmioum o«- ka uaa | 

SeiELno^ . I 
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PMS COMPONENT CHARACTERISTIC DATA SHEET 
PART B - PERFORMANCE 


COMPONENT NAM 


s g- CfrrC- QjSSqO A*,iQ-f 




FUNCTIONAL CHARACTERISTICS ^o^U-Le. ~Des^^O TO 

uxetCO uaCTtA ~cg> FomSl. OTtXCteS. P\T S3s,c.v\ P'PrS UO 6. D 


ItoTETOF^Cg. Fog- ~P I ST<2 j (^UTT grO 2,-g v/tJC. CjOmM€TC2.S<On^ . 'P<toJ IbeS. 


P/H 2 .-r Qf= TtAe yftS’LeAti gS>XS. Q(= TA-g. t>vVTC2.\ g>U-T<£& AtC. R-BaO^OT 


fioto^E^zrccig. s«f i.-rgM " . LVv<m TCtrnvQotv 


Loui vlo \-J~ACsg_ "C>C_ o <ATTP<-C 


PERFORMANCE DEVELOPMENT PROJECTIONS 


CHARACTERISTIC 


STATE OF 

imP, THE ART oKtf, 


PMS 

REQUIREMENT 


ACHIEVABLE 

CAPAsiL | TY e>0 - tT . 


Voltage Level 


Peak Voltage 


Current Capability 


Peak Load 


Efficiency 


Reliability 


MTBF (Hours) 


Peak Load Capability 


Operating Frequency 


Magnetic Field 


Regulation 


Transient Capability 


Stability 


Redundancy 




/ I^oamO 




\ 8 oMAP : 



S.o \cwj 

S.O *±Nj 

n.v ^lo 

R-7.7S«7 0 

O.^A-4- 

o. rrq 


G» .o v^t_o 


Zc— 4-0 *L 


o* . 





INTERFACE REQUIREMENTS 


Control/ Monitor 3 Oit/Vu ’DApTA Qt-tS - to i «_£-£> 

ora> optical * KAtv. -VrO-\S&3 THPe 


^cc O mjctTYN tug. urroerr err 


: 2.0% <s..©°7 0 / to I ‘E*.© 0 ?* / to ^£acs» 


‘ TWG, S-O yi-oj MODULE 


ii PARAMETRIC ANALYSIS RESULTS 


Operational/ Safety f^e"ou*KjT 5 p»-o-r “D^rTA. 

BUS^GS St4 uomi F^.ocTiott^ 


Maintainability/ Reoair — _ 

lOTAL- 5.0V^o MovJ LLUb 

HEMonJ 00 AMb fc€?L. T=oC. Sy^TCKA (fc£^/\i£. 


Other 

iiutur- i wa- Peoucsto«s ; 
doMM^JbeO /V^O Ma/OtTOft-CD \il A TriL 
■DATA 


ToaOsFoomQI C^cu^ut to LOS 

\)ovjxA&fc: (uanAG^TOT 

A blUVT MOOTT To ’Solxt 
CoMPov^Gvorr . 

1^0 JLiCVO VlGTCS.- P/NttJCS, 

D boT tv. A vu /^.'OT q lx ^vTE- ouTP, 

oevvee . 


L-2 


5652- ir 



































PMS COMPONENTS CHARACTERISTIC OATA SHEET 
PART A - PHYSICAL 


I o 


0 M PON ENT NAME AC - CoKaQgCrrgJE_ CR»C- fcgSOfcaAsMT &VSTETM 

SS ^ B — ■ i. "■> — ■- — ■ ■ ■ i ■■ ..mgri.rj.— r ■a--" sr- 1 ■!-=■■ ■.-■■- :=^ ■ i - . — ■ -i 

PUNCT10N Cok>\ isa=rs, 4*Cu MocrA^E f H-xfirt PRz<EQu.g>o , Ac ^us. 

Po^er/a, ^To t>avloap pc Poujgto ajt THVTg.ifcuCrgt> 

PA>y«-OA.O I v-i~rgc^Fb.c£. /VPA'PTE-Ta-. 

C usn-qc QUC7«P ^ 


PHYSICAL DESCRIPTION 

S(TV^\c.O«JE>OU-TOC« PouOCTi. -0 GRICES, t 
medium Po^Oeti. Dejviesxv Av^aO 
NA<iTL/ US.H Couidou, CowMAMll, 
>oO TJATTA. ( ^TETCFAtCG. G-vaftJU ITI2.Y 
MdiaOIcp (tO A NiC>U- SiCAUECi 
H o u i t o q ( Ue^iiMt. STC-<JLCTu.tLE. . 
PASSwlt TUtT2jLAf»L. 'De^.^tO 
AuQMt»Tcr> (Xv U-ctat pi^»E3 
^HrGTUe. OECG-^-SAJa.'T’ . 


PARAMETRIC ANALYSIS RESULTS 

S PGX.lf=HC_ \IO \_ 1 A*A 1 =- IS. A^pfcox,. 
Coto'bTA.AJT OMSO- "CH-fc. RouJ€Pe 
l2AlA<qe. . Csen. AcxTAC^CXi 
cj4.ri\ie. ") 

6Pee\^ic_ ma^s, C>tXtf2_£ fYiGS 
FXPotJ^TKTCl ts'-A-H' VjO CCtV 
tocojtASioq faooeis. ^ses 
(iUBAJE, ") 


PHYSICAL DEVELOPMENT PROJECTIONS 1 

1 

CHARACTERISTIC 

STATE OF 
THE ART 

PMS 

REQUIREMENT 

ACHIEVABLE j 

CAPABILITY j 

Size 

O. OSM 1 D.O-iC. A*" 2, | O.OTS | 

Weight 

Z-A.T fc*- 


! 

Mass 

< . ^ / Vl.\aJ 

flfuj 

1 , ( £-t-o 

Cooling Requirements 

3^0 wj 

"F> vO ! \'S> Vaj 

| Operating Temp 

T* n.^°C Cw 

oovt CA^e.1 * f 6S°i.TjM(v>. Cxrf'tAu') 

ttnnasHH 

OK_ 

! SoTA o*s- 

Pressurization 

— 

ooM-Paessuai^co | wdm- Paes£ufc\iet> 

Vibration 

SAU.-tTLfi» LAUOCH 
exv. o<_ 

SvUx-rcuc. v.^u»^cH j-uux-m^ 

zjbQ<A\tu^*j\^%jrs 1 e-MVi. otc. . i 


PHYSICAL INTERFACE REQUIREMENTS/CHARACTERISTICS 


uoit To 

NAOU.CTT "Co A. Coub PuKTG. UJtTH UOlO TUGTi.#^. A<_ ( t-^PSt >rfO CJE. . 

4i&H NJourTiKqE AwCi Oco'J&tiTiOto *st_ cowko&cxoC** tee’Q lu fi£?D . 


MATERIAL CONSIDERATIONS 

MAientAL F°«- t+oujao^ S»eLfcCmTt> Ftc. uacht uPcvaht Act Coots 

Ttverfi^j. <vi_ cooou.ctwitY . Alumujum o«. na ai'ESi uaa At? i_s 

Se\ELXio*o . 
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PMS COMPONENT CHARACTERISTIC DATA SHEET 
PART 3 — PERFORMANCE 


COMPONENT NAME O-CiKSvVenget*, (.*<■ foSSoQ/Mo-f *£,“? STCXA 


FUNCTIONAL CHARACTERISTICS 5>, o t^AO'ou.ug. ~pgSi( > >AB.C> TO 

'- 1 -€X-gro MQiTU 0*0^. fg) Pour. £>TV\C 3£S ATT grpM_y.\ 


Pfr^lOAO 

j ^Tgnzx=A.cg. Foe. T)iyra.P > u T eo ns Nb c, gjo^grastOKb . TV^Jibg^ 

PAg-T OP Xi4e T>AVlo^ gyo^ or- TA & ^t.Ta>g u .T£A 


ArC- tLESfrOAOT 


g^Uv/CTrrcng- S^fyxgXA 


— vav * W^q> AgKx v f ^ VAush ^outaCk 

Loop Vi o v_TYv Q E__ o u,~T P mjT 


Aye, ik)Pucr 


-+- 


PERFORMANCE DEVELOPMENT PROJECTIONS 

CHARACTERISTIC 

'-. 

STATE OF 

iiop. the ART ouaf. 

PMS 

REQUIREMENT 

ACHIEVABLE 
CAP A 5i LiTY otrT ^ 

Voltage Level 

\oxs-o \] / uc>vjfec- 

' 0U7~P 

I / iiCjV/tx^ 

loooJAcraAJS^ uS'Ipc. 

Peak Voltage 

iScrovJ fjc. /7lo\jrc. 

‘^eoOVJnc- / ZZoOPV. 

Z,«-tre> y Pk / Z^ovJfSfcC 

Current Capability 

A^r* / 4-^> am (* 

^amp / 4**^ 

S.o /4 za<uP 

Peak Load 

^.O |£-lO 

S.o V2-VO 

S. o fcO.N*J 

Efficiency 



°> 7.7S°>6 

Reliability 

0.*}'7 < ? 

0.^4-q- 

O.R-?^ 

MTBF (Hours) ; 4,2ox k iO £ ' 

1 *S© x /o u 

4 , ZO ?C c O u 

Peak Load Capability 

. O )ClO 

k.Ofci.VAj 

fo.O<lO 

Operating Frequency 

tt>'4o / bC_ 

^O-4-oiCJl^ / 'DC 


Magnetic Field 

o (C. 

0.4-1 . NA*-K 


Regulation 

£°?a 

5.0 Vo 

S.O Vo 

Transient Capability 

• *s<eco<?fc kx 

rv\ “rue ivttojt o^r is 

AlU - ^TD- l*S^UI 

Stability 

t z*o*>o 1 a. yo^ 

^.o^o l to 

^ to yeAtZS, 

Redundancy 

! 1 KITE □ C A O c nrAiii^rtif-.,^ 

A cco /m Plj Ari 

TAe S.oy=-oo rv^voT 

>ut_e. <-evjsu 


Control/ Monitor no ATT A Qccs - uoifurt^ 

ori. oP-tlcau * kail -VrO-\<£C3 T^Pe. 


Operational/ Safety (Wo^m-Oaot 

^US^GS StAA,<2£n& moitv\ ^(^oOE. PUvacTtoto^ 


Maintainability/ Reoair _ 

1 OTAC- S.oK-a-o K-Aotl CX'Jb 

PeMovjeo A,Mt fcepi.. Poe. sv^texa e^PAie. 


Other 


»iutt-T- Mo- TKT PC-oO(StO«S 

^ OMM ■‘V‘Jt>e© Ar*iO ♦wt6*J<T0rt.eD U/ A TME. 
■Da,TA <1us f^TE^.Pr'vOE. . 


PARAMETRIC ANALYSIS RESULTS 

T<ZAKi^Wt2.kJCP t-OUpuO^ fVULOUJC, 
\jom-*Q.e a-^d Cota>ricviT 
A^cruvr^exsT To SuAT 
Cok^»oOot <1>tPa^iV.\Tv6X , 

iCo Ki&to Pi ece. OAtzrr rzj£T> 'o . 

C> 0»OT TTLAkiCl^TOe As>^ 
AD€QUA1£ output T^evitce. 
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PMS COMPONENTS CHARACTERISTIC DATA SHEET 
PART A — PHYSICAL 


COMPONFNT namf T>C. - AC. I uxJerartBfC (ac_ 

FtlNr.TlOM CoovjCTl^i "DC. A(Z.OA*Y "PoudSU- To HtCH PC(= QuOoC-Y 

Fvc. tto cvc "rr£A P *o5.Nj l vT - rerc> fwc t 1 s.ttm n,u.-r<c\D To spacc. 

Platf^xt-m v.oAt>s, vj«a tuc cer,o»AA»crr TGLAM'iKJviS.stOiOi 

I5.US SYVTE.M.. 

PHYSICAL DESCRIPTION 

Seuit.outia(-7De. Pol oga 'DC'Jlcec , 
FouiCf2- T)f2.LVjeTf24» ( A too 
Nv'iX / LS.X tOkHW) U , CowMAHJf) 
A,of) ‘DATA \ oTerQJF/Vcfc ClGtUVTC-V 
mcjuotco (o a njo»o- Ber*\\jet> 
iXou^coq / u-Ovr srexLcruet., 

?ASSWfc TA-GTa^A Ai_ 

mEmTCLi ^Y UerA-r 
jf- ^tces^f\ttY . 

PARAMETRIC ANALYSIS RESULTS 

SPec-v FW<_ 'Jov.ums. Vs KPpfioY. 

• 

Cou&TArCT oviercz. "tw-e • F>ovOtrC 
tz.A-*oCB . (L^ert A-T.TAcw.ert> 
CuCvJS } 

^PEUFIC MA’S.S ‘D5z:t2€. ArStTE. 
eapo *oeiwTL{HU<-v tocrrt 
iwcjz^a^ioC) povjweiC. (.sce 
ATTA scw-e^c. ojarz.vJe."') 

PHYSICAL DEVELOPMENT PROJECTIONS 

CHARACTERISTIC 

STATE OF 
THE ART 

PMS 

REQUIREMENT 

ACHIEVABLE 

CAPABILITY 

Size 

O, 1-2. AA 3 

0. ^ 

0, Ob^M* 5 

Weight 

t OO 

At,. o ur<v- 

4 o ^- < y 

Mass 

4«.o teu, tWUo 

UT2.V^ /VicO 

L.T2-PW, fVua 

Cooling Requirements 

W~hO V\^A ,Tr$ 

£(=>*5 ujp,tts. 

Sfe>B NJVJATTS 

Operating Temp 

i 2 .S b l Ti n-^y-Cvoc 

>«vr 

. Tj may. (.T^PIO.0 

Space Radiation Damage 

OV1-. 

3 jmo {X " e./ o-*.'*- 

SbTA O C_ 

Pressurization 

— 

vJe»io - at^ec 

- PfevLua.t-fceo 

VibraLion 

SikjrcTue. vauocm 
enovi. oic 

SUWCTLE. WALAOC.H 
| ie~Qcur2^*^exjr<. 

SUurTT*L>S. tAuocK 
O'jM • OVC- 

PHYSICAL INTERFACE REQUIREMENTS/CHARACTERISTICS U(Jv - t*3S\4oet> To 
Mouto-T “to A C.OUD PcAT& corrH l_otO “THCT2 .k^av_ iia.Pct>A^C£ . 
w\qn vJoutaqg. piiod <i©w je-sTTioo ai_ cLooKiscsroc.-^ rter<^ua aeT . 


MATERIAL CONSIDERATIONS 


M A7CY2.1 Ai_ *po<*- VLovaSiio^ SGLECnStD ! 

UVtiWT ipei^HT A400 £<oO D TVLrrzi^ f^(_ (LC> Kibu. CTi vMf . ftouMioaM. 
Od- »w\ Au-oVS Pre-ot^A^v-fe. SsVfcCTlONi . 
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PMS COMPONENT CHARACTERISTIC DATA SHEET 
PART B — PERFORMANCE 


COMPONENT NAME "DC- AC. UO\j<=T2=Cfire_ C AC {2j=T,o^ fv»JT •SVVT'H.ka'} 

FUNCTIONAL CHARACTERISTICS TUI*- ^ TW&. T>C.- AC VAALF- A 

T>'ST<i.» R.tcrert> lesocArfjT co^'J'SC-ren. vowtcu up tag. 

Ut«*TCl-lifiU-no»J A*^0 CowTKTlOMlIO^ COM.F s oO€XrrS IMS. PNAS . 

Its iksPcct is i_oui \jovTTAas. cc i-cs ou.tpoct«, 

H, 4H vUot ^TAO.e , -F=4LET2f)U.€70CT’ ( SlIO^UL 'RHiA^.H. Ad. 

^Pcufi cations fse.e, a 2/=».o vcui Mobaue 

user? corrM C iaN otuces Ffce a iso s^vtoa, term 

A ti'STCi I3LXTGX) PAYLOfl-C (KXTE/fcJFAoe’ . 

PERFORMANCE DEVELOPMENT PROJECTIONS 

CHARACTERISTIC 

STATE OF 
THE ART 

PMS 

REQUIREMENT 

ACHIEVA3LE 

CAPABiUTY 

Voltage Level 

ifop / ou.T R 

too - ArCoJXxil \ Xtrt 0 A<_ 

IK5P / OVCTR 

loo -4 OOVt>C /tetCO^ArC- 

I Kif» / o urt P’ 

Zoo -4-00^^ / IOOOvJAC- 

Peak Voltage 

/ 

< 00 - Soo\Jti<l_ j \ZOO\JAC . 

Aoo - &00 vlDL// IlOO \JAC 


Current Capability 

A / A . 

ITS -Cl .s ft / 2.S> AM p 

\ZS-C»Z.^ A / z*=> ArM. P 

Peak Load 

Z^-c>\<idO 

*Z-S* c> 

7-<=>.o ytvjo 

Efficiency 

'JS.T °?o 



Reliability 

o.^ JO 

O.AI3 

0.^10 

MTBF (Hours) 

o.qo xio 1. 

O.^fe, x to fc 

D.^O XiO u 

Peak Load Capability 


"io . o i-x-uJ 

~~s*o . o 

Operating Frequency 


T.O - 4 o |Cl4^ 

lo - 4-0 

Magnetic Field 

u 

Ot- 

o,4n max. 

0*1- 

Regulation 

^.oSPo 

S* o *?o 

<0.0 To 

Transient Capability 

AcoodtiAKJoe \a 

»vt^ TtJr^ uorrojr ot= 


Stability 

wo 0 ?© 

S.o^o / S?e*\es 

*i.o “J® / to “fiftai 

Redundancy 


T TUE. M^JDG. n- 

'Ot)UtE LE\JSL 

INTERFACE REQUIREMENTS j 

PARAMETRIC AN/: 

^LYSIS RESULTS 1 

Control/ Monitor senxAi_ "DATA P>u.s, - undeo 
e>r2, oPticxv- •, kau,- VtD- WS.1. TYPE 1 

XC-ArK^SFO£Jw(Ce Ccu.PuiO^ PfULOcOS 
vicur#v<^£ fHJD dXJLrULO^T 
Ab^aeiMtMt To tuq 
compo osxrr c^v^siiatie.<* . 

k^o io^uj pveos: ^£“c>id. 

T>t >0 X Tflv^ va<>l CTOC. *S> ^-KO 
fro £-C£ U AXE- O ulX P\jCT e.M uCJEI 

Operational/ Safety RJEDouot^MT TteiiiAL T>PCTA. 

TIUSSS^ SUAO«2D UiCTH AtiONe. Fu«crt0*3i | 

Maintainability/ Reoa;: ^ 

Totm^ ^.ov^ moduul ’ 
(Z-EMO VIABLE. FCK- SVS.T CM (Z-fiTPiM K- . 

Other t^uiLT- tw- TSVT PPoJtSloOS , 
COMMAobiTO AisaA *^AO*J tTO WT Vt A 
TUG. T>ATi\ (JUS ( OT6.G-FA<-£- . 
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°MS COMPONENTS CHARACTERISTIC DATA SHEET 
PART A - PHYSICAL 


; COMPONENT NAME ^ c £ -^^viSX^Tfc.<2- C^>c, 

j FUNCTION Chaq^e. t>c_ yJoUASE- LEMeis Cup oft- "Dooom ^ uxtk 

C*>STujfcrH>o ^oaftce A»qD uo^vt> oocr^t^ fvot> / of> 

UJHHO 1 SolATv O m t.S •g.gQUi f^feTb 


i PHYSICAL DESCRIPTION 

dOM^^ATtoO HVCH 

SGNA» COo'tKtCTOd S f ‘POUO0^ 

Drz-iOe^ t Aoq nasi / us>t aooTteL, 

CoMMAjOO / A>ofc "bArT*\ 'OTE^TA^. 

c.\e<Lu vro-Y ) MO(Jkio~rEX> 10 a ^SM- 
S's: ^u_£;t> tVousi«(j / u£_*vt 
STCjulCT u (2_H. . ‘P^V^ivjfc. T^t^MAL 

/\u(^wc ►O’TtTti T1Y H*H>CT 

*Fic»tr , s ag-Y. 


- 1 ■ »-" T - 1 111 — ■■■ '±m?A -JJ. — I. • ■ - . 

PARAMETRIC ANALYSIS RESULTS 

"i>Fe. Cv.{=tc_ \)t>LjlMt A-l*oC 

APP^X. touiTAMT “VTrt 
i^crLt p>oioeu-. Csee. 
attach eo dxxruvie. ") 

sPeupit- t>eLOG\s.eE 

ETA f’o K^fcXm Avl_ L.V \T-U 

i*ocrxsTX<.iO(^ pc. 00^32. . CSCE 

A"TTA»Ct+€T> <Luf20e, ] 


! PHYSICAL DEVELOPMENT PROJECTIONS 


\ 


CHARACTERISTIC 

STATE OF 
THE ART 

PMS j 

REQUIREMENT ' 

ACHIEVABLE 

CAPABILITY 

Size 

0.0 <5 M ^ 

O , o !.*=> KA 'S 1 

O. O^S N-A ^ 

Weigni 

<Vo-o ^ 

U . ^ l £-*y \ 

_ 

Stas< 

8. o 

2- »"*> / £uj 

Z-S VC-, 7 VUaJ 

Cooling Requirements 

4.<So LONTTS 

It'S vo^-rcs. ! 

WATTS 

Operating Temp 

v-Z-^O Tj wia,>; 6 

ooavr S^C- 

T» max (.TOPICAL') 

Space Radiation Damage 

OIF- 

~h *• io ,z - e / gaa*> | 

SoTA. op- 

Pressurization 

— 

ksoio- Pae.s.^u<2.t^rt>| 

- Pajfc.^u.Q_o£e t> 

Vibration 

SrtUTTUC ^UOCH 

€FV>\J. o.\c. 

SV+U*T“Cl^6. LArfJllOtH i ^i^rCTUt t-AuOCH 1 

0-GT5><4.irZ-eM.EXJT£ j grv:\J. o.< . i 


PHYSICAL INTERFACE REGUIREMENTS/CHARACTERISTICS 

UMIT To. 

M.OU.OT TO 5-OUj PvATt 0OITH CjOO"fc> TvVE^KJ'^U tOMt>uCTlN\TY. 


vA.ciH uoi_n-AC,c- P>»oT) Counj. Co ocitGro C j^ j 

i 


j MATERIAL CONSIDERATIONS 

*—t 6Tsn.i Au Foe. U-ou'ifiCx^ _ s>_tLTL. va Po(t_ 

UVAiAT C^ootj TA£fl.UAL COOt.u.tTt'J l“C V. ALawuu^ 

OS- KllcVS P ra-o ** <2. X t. LFUECT. oo . 
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PMS COMPONENT CHARACTERISTIC DATA SHEET 
PART B — PERFORMANCE 


COMPONENT NAME ' bc - ^ ONJSTZXgg-. 


FUNCTIONAL CHARACTERISTICS S.o V<^qQ> Mot>uu& Tq 

T^e. PAreAixaxc) ut>v.th qka-s. to *=oi-uz. at 

Po.yi-oAtO ' i MTegJF^og: Foe. T>ts»Ti2.t^.<jcrd> •z.gvi'Pc^ g-eM-o'STa.s.i.o o . 

yJOLSTAr Qe. T>.c. I|QT>UIT ' UQvjq CTAO.&, t>.C. OUTtt^U-Tr 


PERFORMANCE DEVELOPMENT PROJECTIONS 


CHARACTERISTIC 

STATE OF 
THE ART 

PMS 

REQUIREMENT 

ACHIEVABLE 

CAPABlLiTY 

Voltage Level 




Peak Voltage 

Soon/ 

^oo\i / Sb V 

Roo\) / "JtV 

Current Capability O^a* ua.c.} 

T.4 ^ / ~l oo — 

“7.<4 ^ 

> 1.4 t / Zoo 2: 

Peak Load 

to H-VjO 

^>4 O UUa) 

> E>.ovcvO 

Efficiency 

°?o 

95.7 °?o 

95.7 ^6 

Reiiability 


P. 9 4-4- 

O .9=, 9 

MTBF (Hours) 

a. X to 

» . 5S x i c> *• 


Peak Load Capability 

fo.o 1^ 

(s.o ku-O 

u,e> v^o "rvf* 

Operating Frequency 

> 2 o (C-v4 ^ 

7 i-o vc.n-'s 

> 2-0 fcLt-l £ 

Magnetic Field 


O » 4-~7 C\ JMJLS*S t NAAS 

OSc-. 

Regulation 

± S«?o 

i^o°? 0 

1- E,.o 

Transient Capability 

t kj ArCcCatlArOOt UJ 

CTH, TVV€- l WTEMT 

- tv/Mc-^To- \S4-l 

Stability 

± J.o*V ZYOS 


t ^.o% / IO -flZS. 

Redundancy 


■ TU-e. q zju j mod 

UUKL L6\J6L 


INTERFACE REQUIREMENTS 


Control/ Monitor 


SC3ELIA.O t>A CTA. fcU* - bOlTt^O Ofe. 


OPT VCAU - MU-- T^pe 


Operational/ Safety 


SoTJtAl- tiATPK 


uimi ‘Fuoatou^ 


Maintainability/ Reoa;r 

T ^Al WAot^a\J6. 

ILeMouAvCMjG. v = cq - ^ ^tqm 


U '“ C ‘ 'SuU-T- - TE^rr PfCOvIlMOOSi 

COMM AOt>S“D A>oCi MOKa CCOJSET^ \HA 
TM.G" ATT A TCUS iio-r©S-t="Ace. 


PARAMETRIC ANALYSIS RESULTS 
liopurr Vocta^c- “Too A\6H Vbe. 
cutifiebT , 


56c2"rO 
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PMS COMPONENTS CHARACTERISTIC OATA SHEET 
PART A — PHYSICAL 


COMPONENT NAMP "DC. — FVC. 1 o \J tHTfcTT fci R- (j^>£- S^STTETM 

ptiMr.TinNj v > r2o\nt>£ t^Oj^e. Pi-vase. Arc. ^oooexz- Tor. PAVtoAbs ^ 

T>et2J\J\£0 LOOM f-VlCLH SJoUA^E. *E>C> 'iJ.Ui . 



PHYSICAL DESCRIPTION 

di>MTLiOATlOO OF F>OtOC<2_ 

SI=XAl CO Ot) llCTO fc. L , Mstiio. M Pouie^ 
Dfi-iOtT^c. t A,^>o f\A^X /LAX aocrmnL, 
Comm A f A-^ 3 t fsJT6^£FA C- H. 

Ci <Z-<^A » Tfc-V ) M OU^TC0 1*0 A 
OoKi- ^£'Ai_£t> V*ous.<«£j / (-VETAT 
re.uLCTu.r^- . Pas- 3 i-JE- 
Taert ma<_ *bES.i4M Au.4*-*ExrtCo 
■av o-etatt Pvper. if rze^uie^x. 

PARAMETRIC ANALYSIS RESULTS 

'S’P ELaF '■C. VouAUE fLSM AtLl^, 
ftpPftoV. <U)OiTA OT io(T6 
tKicac-AAcfo^ Po<o£T2. Caee. 
ATTA CVLerO CLu RvJt. ~) 

SP&OFIC. TOIAA.S 'bECJRJ£A-V>Er^. 
etapo KieioTi a ll_v uocnA 

l OCOJG. Ar'S. 1 to potoEXX C.'LSH 

ATTA CVLCO C_iA fc\J t ”) 

PHYSICAL DEVELOPMENT PROJECTIONS 

CHARACTERISTIC 

STATE OF 
THE ART 

PMS 

REQUIREMENT 

ACHIEVABLE 

CAPABILITY 

Size 

O.O 0 ! (VA 3 

O.OA4 NA ^ 

O.OU 

Weight 

“7 0 . O 

2-^ .& 

z^.S ve^ 

Mass 

T.o e«, 1 veto 

Z.RS IZ-, 1 VJoo 


Cooling Requirements 

C>o o MJ ATT S 

4-oo \aJatts 

4-o o loatts 

Operating Temp 

l Z 4 ^ °C_- ”T*1 % Ml A* t 


~T U * ,Tvp\CAl 

Space Radiation Damage 

0£- 

Imo' 1 s./ovaa.’- 

ScXA OF- 

Pressurization 

— 

sa 0 io - Po€VS»u c * Z £TD 

yie>M - 

Vibration 

SOJ-CT-U-C UAuucH 
5*4 vJ. ©«_ 

SvUATCTL-fc. LAUNCH 
rz-^:^L>\ ej= MCxrTi 

s^+urtTufc. uaulmcH 
e“w*o. ovU 


PHYSICAL INTERFACE REQUIREMENTS/CHARACTERISTICS ^ lT - “tb 


Mou-vrr “To Puvrt- vOt-ctA clo o*fc><jL-n Nirr ^ . 

UlGU vjoOTAt^fc. G-O #o O BVaT lOO^L . 

I 

MATERIAL CONSIDERATIONS j 

N^Arnm.1 A<_ "For*. UouA.lO^ SeX'STdtrti FOE- I 

I 

La^t-VT OJHiqKT A^ob ^OOD TCwl <tc> U S-T l M l T^f . Al^MIOUM 

i 

oa ArUUoVS St5\-E£TttO>0 . j 

j 

TiiTTI 
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COMPONENT NAME. 


PMS COMPONENT CHARACTERISTIC DATA SHEET 
PART B — PERFORMANCE 

Aye. ErteTrStS- 


FUNCTIONAL CHARACTERISTICS 10 NAot>uu.e 'kSSlCugfr To 

part Cu > o-rt4-eT2S Roe, ^ CLSv^-Tf^y.^trfc 
1 00 'f s - 4 -° CQ\J€?rucgT2— . H>'art UbUTg^fc. ^.C. 1 to v> urc •, Lo^ 


Pvc. o ucxf> urr 


PERFORMANCE DEVELOPMENT PROJECTIONS 


CHARACTERISTIC 


STATE OF PMS 

THE ART REQUIREMENT 


Voltage Level 


Peak Voltage 


Current Capability 


Peak Load 


Efficiency 


Reliability 


MTBF (Hours) 


Peak Load Capability 


Operating Frequency 


Magnetic Field 


Regulation ^ 


Transient Capability 


Stability 


Redundancy 


f OUTf AC |HPT>C_. OUTP. flC. 

Soo V ) n*>N/qju<> 1«»oV ' \^\J itiu* 


ACH15VA3LE 

CAPASiL.TY 



«T.«7a 




1% v. 1 o 


\a.0VLoo TVf* 


Rfa ‘’I* 

r Rb % 

o.<?/ 8 

O.Rs-5 







\“ 2 .,o WC.UJ TVP 

































PMS COMPONENTS CHARACTERISTIC DATA SHEET 
PART A — PHYSICAL 


COMPONENT NAME 


Xc. T 2 -.^uuAnrol 2 , 


C' DC 


FUNCTION Ay ^uCCO t ouJESD sjQLXA^tE. POE- VHO*\ 

vJoCTAAB- -rvve V-UC»H nJOUTAC^C T<£Pv^S>vj\ 1 $£IOaO 


Va^V-TVAoU.” 


\^Q LATtO^ 


PHYSICAL DESCRIPTION 

Co^fM^AT'-ou ot= T^LO^iC^. 

-iCMl Cop'CiaCXOdS, t UM PouDEO- 

^(LfVJGirz-S Ajo^> NASX / C<L x 0 -OKrcr 2 e>t_ , 
A*ot> ; A^ob 'OTGOPACe 
c.\rt.<UxvT(2.V % MOU.OTCD iKi A MOKi - 
iEFMrb V-VouSlO<\ ( f'AC^VT 
VT(2jacrru.r^* T>a«jvje. TtML^^Ac 
^D^Tsaqk* Auq ^VHVPC£X> VLE>YT 

Pipe^ \r P^Aaui^o . 


PARAMETRIC ANALYSIS RESULTS 

^Pe.caFic_ Mol_u.*ae= 

coovrAat u^rrH 
i ^eie^T a^in^ q Poo^€T< 2 _ ( 

ArrrA^.^VtC> <Lmxl\j& ") 

SPexiFvc. 

oo^^TA,»orr uo rrH i^crieAsSio^ 
Pou^eyz- C AruTACvvet^ cuar^vre^ 


PHYSICAL DEVELOPMENT PROJECTIONS 


CHARACTERISTIC 


STATE OF 
THE ART 


PMS 

REQUIREMENT 



Cooling Requirements 


Operaung Temp 


Space Radiation Damage 


Pressurization 


Vibration 


ACHIEVABLE 

CAPABILITY 


0.044 M * 




Z.XVLe, /RtO 


S»S >0 ^ ATT s 


C,ootdATT^ 1 >R »0 \a)AST 7 ^ 


tl^°cTi ui** Uottevr CA^t') B^^c- 


ov- ^y.vo it * e/ caaa?* sota o<- 


1 v^oto* FH&^uQ.t^g^ 1 - Pa^^aav^gp 


^vUjC-CTUE: LAUOtH StlUTtTVjS. \_*V<jl^CK | ‘SUOTCTUC. UAu.OCJb-\ 
err^N/. Ofc. I 6 >o>J. OR^ 


PHYSICAL INTERFACE REQUIREMENTS/CHARACTERISTICS Uorx ^ OUOT 

To C-ejc-t^ Plat^ WiTH A°° "TTUoz-^al Co oti ul err * OiTV * v-A t6M vJoctag*E^ 
A,Ksr> Cu^RsUevaTvOoAL- CjokoioH^oto^ r£GQuaf£j£^ . 


MATERIAL CONSIDERATIONS 

H-ouAto^ mATctual £»eru&_rcTb Fo^ ul^t ioe\<;i 4 ~r Aoct> 

T4eTRj^ Ac CLo OXuLCTtOtT Y . AuaMifoaiut or ma^uesium 


?Oo 0 >AM.% 


^SeTUGr C-Ti o»o - 
































PMS COMPONENT CHARACTERISTIC DATA SHEET 
'PART B — PERFORMANCE 

COMPONENT NAM; 


FUNCTIONAL CHARACTERISTICS VO yg-'-O N/lofrut.^. Tft (fee. 

-p^rre-Av uv-gXETT^ lorw C to 1 o-riLsrft-S. Poe. a. cj^xn>/w,(.^.grtb 

loo vcyjj ~&c. Q-gq uu-Apco £- . U-vQn yJourA.^^ PC hk^P'u.t - v— 
MOLrrA/^e. (u^W) T>c. o u.T Purr « k^-q CjPotMOXa ISol/VTVQKA 


PERFORMANCE DEVELOPMENT PROJECTIONS 


CHARACTERISTIC 

STATE OF 
THE ART 



Voltage Level 

EliMliH 



Peak Voltage 

5oo V* 

9fOO\/ / i3ov/ 

> ^ooV / \^ov 

Current Capability 

4 0 £ / *7.0 0 t 

^.• 3 . - / ei.oi 

/ 87.0 A 

Peak Load 

'OKLPO 

t O VCwLaJ 

1 0 WC VaJ 

Efficiency 

^ 4^0 

^T.Sl^o 

°\~T. <=><*?& 

Reliability 

o,c|BS> 

o.8i£> 

0.C163 

MTBF (Hours) 

-’.‘oxto w 

V.O^'jClO t* 

y .10 13 

Peak Load Capability 


IZ.O VC.LAJ 

>■2.-0 VL 00 

Operating Frequency 

MA 

KJ Aw 

>0 A, 

Magnetic Field 

O Vi. 

O ,4-7 , NAOt^ 

OVL- 

Regulation 

S 5 ). 

S-®U 

S-«2 6 

Transient Capability 

1*0 A,CLO(2.D/\kl CE 

^0 tXH TU6. t^TtEThX 

r 0 ? VA«U-?Tb^S4-l 

Stability 

1 7. Yes 


S *2* / vo . 


Arccc3NAPuii+€n5 b t\ t 4<« 4/tot>uu& u=\JEL_ 


INTERFACE REQUIREMENTS 


Control/ Monitor StT2-i-A,v_ 'OPyT'a. C^a<L- VMVtefc 
ol oPTtcft,u. , M.tu-vr^ - vssi, Type. 


Operational/ Safety 


(t&DULO^AiOT ■S.EUjA.L ■DATTA 


'i'VSsR, ua cxH- Af^o-JH. Futaonou^ 


Maintainability/ Repair 

Total. VQ.Q < - • o f^-Ota u.t_£. 
r^evAooer^ A*at> ftc^c 'PoCi- rz.e'PA.ifc- 


Other 


KUUUT - VVJ— TE^X punocrioo^, 


PARAMETRIC ANALYSIS RESULTS 
VtopixT Mo Too vVUJH 

Poo. pot^ewr ‘bevjtct'i 


HowwA-*Jt)Oi awo rwtoU'.Tta e<rc, Ml Av 
TUh=. TiATA. CZu.% lO'CfeftFACe. 


Al-12 


5652-si 































PMS COMPONENTS CHARACTERISTIC DATA SHEET 
PART A - PHYSICAL 


rnMPnMPNT NAMP ^GU-LATOR. / f*A?CTee X Qt-LA (*Cott-^C CWCEM ^ 

PIIMr.TinNJ t>c <2^<SJU.L ATT© R_ 7 OPEnATED ILA "CUE. (UUift^UT 

Mo*de. To A* c.u.rM^€xrr Sou.C2.cH- 

T^^e. ourrpurr Foe. ^^crTerC-V cm AiE.qt q 


PHYSICAL DESCRIPTION 
Cona^imatiioo or UicK PousCtS. 

^E-NAV<LcOTia.CTOC.C. t MEDIUM pousee 
^GuMSTft^. , Ar*A& foisr ( t-SX COOTBoL., 
CxSfwvKA^v vafc t <VUD \ kOTETe FAC.EL 
£.\ rulu. t MomcrtCD i»o a voovi^ 

ScTsl_£t> HoUitOCj / Hr CAT <SlO|£_ 
£.Trz.ut.C.TM.ft.T=. v PA'S.'SVM £. TWG"t£^A<_ 
t> esiG m p*-w.^^c*JTerk H-'EA'T 

PIPE** IF- tZ£.QUlO€C>. 

PARAMETRIC ANALYSIS RESULTS 
•bPEXt-FlC- Volume Oe>A* MUS 
A.pptZ.O)C, COtoVTMiT tO irctV 
i^coe-ASioq 'Pouae^. . 
fVTTfvevV^C. CouP-VES. ^ 

^VPPO^K • (LOkN^^T UD CTH 
\KkCfix=. A*»toq PoioG^. C^>sre 

attkvcm ec> 0 -u.eve. ") 

PHYSICAL DEVELOPMENT PROJECTIONS 

CHARACTERISTIC 

STATE OF 
THE ART 

PMS 

REQUIREMENT 

ACHIEVABLE 

CAPABILITY 

Size 

O . V ”2- "2- IM\ 3 

O.OS«| KA ^ 

O, OCjR KA^ 

Weight 

Si VOe\ 

~M.O<=> Vlcj 

X l. oS^ 

Mass 

4>.0\0^ /VU-o 

-L.-bVU^I Vtlo 

2-'3 ^ / vimj 

Cooling Requirements 

BvouoATTS. 

"WSlOAT-t^ 

'i'i.S UJATTE 

Operating Temp 

V2-<i 0 C Ti MVAX c WJOI 

2.VT CM.B Y . 

CTHPlCM-'i 

Space Radiation Damage 

OK- 

e. 1 

!»oTA OK- 

Pressurization 

— 

tooio- Pft£S.SUfci?HED 

♦OOki - PfcfcS»SU^l 2-€Tfc 

Vibration 

^U-urr TUc uacu^cl-v 

GTKjvJ. 0*1 

*>VVU-TTU=: LAUNCH 
C2H^U( aHKA0MTS 

SiVJ.firi.6 laluocH 
eyv. on. 


PHYSICAL INTERFACE REQUIREMENTS/CHARACTERISTICS Ta MoVAXiT 


To P'UPs't.G. U1VTH CiooD T U Oo««5U.cTiNvtY . lAiC,H vJour#sC<EI 

A ptoli toUvIGVXClOUNL AOMkiSLrOllS. . 


MATERIAL CONSIDERATIONS j 

AouSiOt; V-lATCGTAiAL vTUe^ITCTli F£><2. I_|.6 Hr”T boSl<$HT A.IOC> ^OoCi j 

T4-EJAla AU dcuAtuj.C.Tl'JiTV . Avumu m u.»^ or. kj\6,i;uG^lUl t A AvVA-DYS. j 

'?0-0 (K(% <-&. SfaV&CCLOU . j 

iaim 
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P MS COMPONENT CHARACTERISTIC DATA SHEET 
PART 8 - PERFORMANCE 


COMPONENT MAMS T2.H5Ut_A.TO fc_/ <UlrA.'feCiGTfc_ CAC 

FUNCTIONAL CHAPACTERIS1 
t>FS'C,OETA TCk q,h 

'ICS 'Es.SVs^o t>c_ 1LSz;u.LATCifb N-\CibULe 

Pi^rt<e\v_u£urt> LoOTK CIO') STtVHfiS AOt> 

oPETP.ATCt> 1*0 FS 0jj.<tft€T*OT KAOCi S TO fVCTT AS. 

A CLo^VTtZDL- Pd(L SoulCLC& f^ATCTETEJf 

Cvi^sQ^voQ. Uouj vocr^0 'i fo^>urr amo ourtc^urr "To MATCH 

t^AnTe i eh > ci^w^eACTeit.\STi.c«> mjd shtue^/ P’A ttAt-LJHL- 

CoNAfiifJ ATClOOS. T=toO. ^EUtAtaiU.— ' 9 . 

PERFORMANCE DEVELOPMENT PROJECTIONS 

CHARACTERISTIC 

STATE OF 
THE ART 

PMS 

REQUIREMENT 

ACHIEVABLE 

CAPAEiLi'i’Y 

Voltage Level 

> lo o - 4-o o \f 

*2.00 — 4h5>o \J 

> "Loo- 4-o 0 \f 

Peak Voltage 

> ZT.o - A-4-o \/ 

7_to - 4-4-o Vj 

> 2.2-0 - 4Ao \y 

Current Capability 

>.U‘7.S»'i. - V*..2 ^ 

tl.Si - 3,3.82: 

> &7.S2- - 22.8 - 

Peak Load 

IO £-\jO 


> L-^^VC-oO 

Efficiency 

R4-°?o 


Rl.Q^o 

Reliability 

0.^83 

00 

<r 

6 


MTBF (Hours) 

TSmo fc 

\.0<3 o u 

T.S> X « 5 <■ 

Peak Load Capability 

lo ,0 


1 SV^O 

Operating Frequency 

> to iot-1 

> tOtoAi. 

> 2.C> K_H x 

Magnetic Field 

Otl_ 


«£ 

OVL, 

Regulation 




Transient Capability 

ACCOltbAOW 

■*UTH T^e OOXCKjt 

e>F Mil -S»Tt>-IS<M 

Stability 

- l.O^o/ Z VtS 

^>°?o / t O -*v\. 

S®?6 / io-vx 

Redundancy 

ACCompuWCC AT 

0 

tUe. rvvobL* 

4— ^ 

t-t, UEVEL- 

INTERFACE REQUIREMENTS 1 

PARAMETRIC ANALYSIS RESULTS 

Kio K^e^-O T* P^AsC^T s. 

(ZjGTa? t-M (ZC.'D . 

Control/ Monitor S£TUNv_ T>arrA <5ui < ( votttCb 

0<A OPTlCfet- \ NAti.-VT:Ci. t<5»Vi> THPCL ' 

Operational/ Safety SHrtt4\_ b*fTA 

l/o cm ABO'JE. FUOCX, | 

Maintainability/ Rena:: ; 

v.CTC^L- .S V=-<-o MOt>U.L£^ 

OeMtOVJtro ArOCi To(£. C>^$*Xc>-A Tt^pAafc- ! 

Other __ , 

l (EVT PuJOCTlOOSi 

Ooi^M^WbEC ArlOfc. N-«.OIoVTOft*Sti \Jt A 

TU£ bAXA. ^ V tOTHteJF/vee. 





























P MS COMPONENT CHARACTERISTIC .DATA SHEET 
PART B — PERFORMANCE 


COMPONENT NAME 


T2.Hr,O.u\-C0f2_/ P^ACCTCT2_Y CjArA.'feO.GTfc. 


FUNCTIONAL CHARACTERISTICS ^■ t SV^«-0 T>c_ fLHz;t-M~ACro re. u LS 

t>es>c,oErD ~r<^ cig RAre^Migurtb lovch c to ^ ctta-^R-'L n«o & 


oPET.A~te:p 1*0 a Cja.o<2jexrr FEC'C^P-tVA. *M.obE: to Pvcrr £yS 


A, C.DoT(Zau^OQ <Lcs*OTt£OU ?=fc><2_ (Lc-t t^jR-SKIY SovxC-JLe. 


g-U A R-Gj t O . U-tQl-l '^O'-TTAG.G. I kSPua - fVOD OUCTPM.T fSA^eti Or0 


OMeeALL. LYVTeM COMST^iuTS. A-rOO COi^P«-OM>B:E^. . 



PERFORMANCE DEVELOPMENT PROJECTIONS 


••'WAQArT— ic-r ! STATE OF 
wHARACTcnIS C THE ART 


Peak Voltage 

! Soo \J 

Current Capability 

IB ®r 


Peak Load ; 7-0 .0 [C oo 


Efficiency R 


Reliability 0.RS2 | 


MTBFi Hours! 'T.E>k<0 < * 


Peak Load Capability i 2.0 . o yluQ j 


Operating Frequency > 2o VC. 


Magnetic Field 0{c_ I o.< 


Regulation ,r <j 


Transient Caoability ; i ^ccoabAoCi 


Stability j T.2.o*7 Q Iz 1 


Redundancy 


INTERFACE REQUIREMENTS 

Control- Monitor SEU-i Nt- T >atA f^us. tOtP-CTi 
OfL OPTtCA-t- MU.-VTCJ. tGS.3 TYPE. 
Operational/ Safety U-etiaiJTsA,»csx Sc^.i.Ar\_ 

AtUTC Oo CCA PrOooe FUlOCC. 

Maintainability/ Reoa..* 

~OTAU VT .S. V^-o NAOt>U.I_£^ 
Res-vOUfeTC. ArOC- R-cTPL- CdR ^VCcXA RCPAtR- 

Oine. r^utirc-tfco-’Tevr Pu.toC.Ti.0OS> 


PMS 

REQUIREMENT 


"\So \J 


oo\J 




vi.svu^j 




O.Atg 


ACHE". ABLE 

CA?a = ,'_,cv 


is<w 


t\oo vj 



t'i.SfcoO 


• C 4 ? 


0.^33 


T.E> X‘C> <• 


! i 


> 2-0 \C_M fc. >2.0 t-H • 


0.4-1 CjAua 1 Nj*A.V, I 


■s 


v.Ttl tug. tkiXOJT ! 0F Mil -S»TE>-1S4-| 



T. 2 .0 * 7 o / 2 *^\ 


| S°?o l lO / 10 


j AfCOK^PUiKtTO 

VC 

nj ; h 

TUe MMCe. N\OC)U|tL 


PARAMETRIC ANALYSIS RESULTS 
luVUT VlOCT-f' <<£_ To o Wt&U. 
C&O-. i?afcS»(S>0T ~t)£ vKCES, 


Oo>r»*-*-A AM 0>€TE> |£VOC> M.OkjrtOllCB \J t As 
TUG. bKTA ^ v*otcrjf-ace: 















SPECIFIC WEIGHT - kg/kW 


NOTE: 

4.0 1 — 

3.8 - 
3.6- 

3.4 - 

3.2 - 

3.0 - 

2.8 - 
2.6 - 

2.4 — 

2.2 - 

2.0 L 
0 


NUMBERS IN ( ) ARE % INCREASES TO RAISE THE RELIABILITY 
OF A 10 kW UNIT FROM THE SIMPLEX BASE NUMBER SHOWN IN 
FIGURE 3-53a TO A VALUE OF 0.99. 



CDVM (90%) {CAPACITANCE/DIODE ! VOLTAGE MULTIPLIER) 



DC-DC 

REGULATOR (31%) 


J I I I I i 

10 20 30 40 50 60 

POWER - kW 

Specific mass relationships for PMS 
major components. 


Al-16 


VOLUME -m2/kW 


DC-DC CONVERTER, 

CAPACITANCE/DIODE VOLTAGE MULTIPLIER' ICDVM) 


0.005 


0.004 


0.003 


0.002 


0.001 


0 




REGULATOR, 



CYCLO INVERTER, 



DC-AC INVERTER, 



AC-DC CONVERTER 



SPECIFIC UNIT VOLUME VS. POWER 


- 

1 kV 20 kHz UNITS 


- 

i i 1 I i 

1 




POWER - kW 

Specific volume relationships for PMS major components 
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COMPONENT NAME 


PMS COMPONENTS CHARACTERISTIC DATA SHEET 
PART A — P HYSICAL 

Sl_tP T2.<o£<, 


FUNCTION ^Qoutbe. (LoTaa-V «j<Q(mt Polo TR. aospSTL. Foo 

S>Q<-.A,g- To N4A<iO ClObV OF SPACE. 

Pl^T(=OG.M . 


PHYSICAL DESCRIPTION 

A. VLEfM t^UH- op Two Or 

Fo^c. s*_iP ojuqs etncH ( To 
pao\Jltie. RL€.DuL»Jb AvVOT Pot oe?_ 
TG^ki^FtE. Actt.oVL THE. SPACE. 
PLATFOO-m tZ-oTAIi-Y JotOT. 
t-VAUP SM.PPl_«eS 0*0& svfec. OP A 
®-e-ou*o-DAioT svvreM 

OF CAftaVio^ THE. rtAUU 
'.OAD ! R,MTT NJO *~A l<0 •Mj-fr’ G-ArcA.yfO(^ 
rtAU r LOAD . 


PARAMETRIC ANALYSIS RESULTS! 

■SPE2U.FHC. 

flPPftolt. tAKse^tZ.C'T <-OVTH VotOCfc. 
no TvVe. or ( ^TE^jt^rr. 

“SPeciF-tc- vov_u M.e. TxciLeA’s.cV 

V-UJETAC-L-Y uj CCH PouOCJR 
i*o TtVt. or tMTetzjtST 


PHYSICAL DEVELOPMENT PROJECTIONS 


CHARACTERISTIC 

STATE OF 
THE ART 

PMS 

REQUIREMENT 

Size (, -rcrrAu * SQ-^S } 

0.l(3<b NA 

o.\t,a v\ ^ 


Weight Ctota,u- 8«iuqsi 


Mass C-VOoT mq. StO^at. Supp 1 


Cooling Requirements j 


Operating Temp I 


Space Radiation Damage 


Pressurization 


Vibration 


o.tci Vdc,/ fcio I O.V13 \ 


too vO I too \jJ 


OF- I —Loo To 4 VZ.*; 0 C_ 


ACHIEVABLE 

CAPABILITY 



OF. 1A>0 ' e( (Ua^ 7 - 


NAAerotz. ASSEVAisjtx’ *oo*o- ?(bfc.ss<Jtdt£.Efc> 


SrtUTTUt t-AUOCH 
^6 Qu. t «t e fvj ev)-rs 


< O.U Ce. / IfLcO 


IOO V*J 


Scat A Op. 


S>GTA OF- 


PHYSICAL INTERFACE REQUIREMENTS/CHARACTERISTICS 

MiEXv\AOtcAL "bCStQO MUVT PA-CtT A, ^ HaTEZ; fZA^rgP 

SPACE. PlATRsAm LcTACY -J O ( 0*T S»T t ? i t CTU.f2JE: 


MATERIAL CONSIDERATIONS 

Hot a sitiotPitAuT "fe<tW9Ta- 
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Table 1. Switchgear physical characteristics - electromechanical switches. 

MASS 

SIZE WEIGHT (kg/kW) DISSIPATION 


POWER 

AC/DC 

FORM 

FUNCTION 

(m 3 x lO- 3 ) 

(kg) 

(SPST) 

(WATTS) 

AC SYSTEM 
25. 0 kW 

DC 

DPDT 

Inv. Inpt. Isol. 

1.0 

1.55 

0.031 

250 

25. 0 kW 

AC 

DPDT 

Inv. Mod. Outp. Isol. 

1.0 

1.55 

0.031 

250 

5. 0 kW 

AC 

DPDT 

Payl. Mod. Inpt. Isol. 

0.2 

0.56 

0.056 

50 

15. 0 kW 

AC 

DPDT 

Payl. Unreg. Pwr. Isol. 

0.6 

1.05 

0.035 

150 

DC SYSTEM 

100. 0 kW 

DC 

SPDT 

Slip Ring Inp/Outp. Isol. 

— 

— 

NA 

— 

15. 0 kW 

DC 

DPDT 

Payl. Unreg. Pwr. Isol. 

0.6 

1.05 

0.035 

150 

10. 0 kW 

DC 

DPDT 

Conv/Reg. Inp. Isol. 

0.4 

0.84 

0.042 

100 

10. 0 kW 

DC 

DPDT 

Conv/Reg. Outp. Isol. 

0.4 

0.84 

0.042 

100 

10. 0 kW 

AC 

3PDT 

AC Inv. Outp. Isol. 

0.6 

1.26 

0.042 

100 

5. 0 kW 

DC 

DPDT 

DC Bus Payl. Isol. 

0.2 

0.56 

0.056 

50 

5. 0 kW 

AC 

3PDT 

AC Bus Payl. Isol. 

0.3 

0.84 

0.056 

50 

5. 0 kW 

DC 

DPDT 

Distr. Payl. Conv/Regl. 

Isol. 0. 2 

0. 56 

0.056 

50 

AC OR DC SYSTEM 
13.5 kW DC 

DPDT 

Batt Chg Inp/Outp Isol. 

0. 54 

0.945 

0.035 

135 
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i P^OvASlOmS To ^qmitoC, ^QCTiMj,e. p-*ap <U4.<EOie>0~r ». 2^f£h jXQCs 

: TflAM-. nAv'TTlTO \A As S-ETCl/Vl. ^U 1 


I PERFORMANCE DEVELOPMENT PROJECTIONS 


— r 

CHARACTERISTIC j 

STATE 0 F 
THE ART 

PMS 

REQUIREMENT 

! 

ACHIEVABLE j 

CAPASiL.’Y ; 

Voltage Level ' 

^So v^T^C. 

44-OvJPVC Pxl i 

&ST> V AC >x_ i 

: ?taic Voltage ; 

- — ’ 

■§££> \Jt>C_ 

ftoorlAC f\C 

S'CbM Ac pfc- 

Current Capabiliiv j 

'■So ArtsCL. 

Co O ^ *«A P 

ISO A 1- 

?z 2 k Lead j 

VL. UJ 

ZS.o vL.ua 

vviyi^o i 

| Efficiency ; 

R°|. °l 

^“1.6 ■Ho 

^Cf.'R'Ve. : 

! Reiiaouity : 

o.q l l 

O.^ti 

■^cTTA 06 ! 

MT3F (Hours) ! 

O. 0| * to te 

o.^fe, xtO b 

SOTA OC— 

| Peax Load Capability ! 

n'c.i'cAj 

! ?>o. 0\6uJ 

n-s. vcoo 1 

| Operating Frequency ! 

a<- 

! VUc*= (2. 

OfcU j 

Magnetic Field i 

ot 

j 0.4T C,*dV^ K-A/N* 

o<_ 1 

Regulation r i \ 

>o 

| JO ^ 

AO A* 


LaOCTU "ra^L v kJT^S’VJT ot= : 

f'O'u-S.'rn - v<i4_t | 

Stability j 

♦o ^ 

AO 


i Redundancy | 

Prcto»MPu<;ue^ N't 

TU£. ore ^oiDu.a£. 

• INTERFACE REQUIP5.MENTS 


; PARAMETRIC ANALYSIS RESULTS 


Control/ Monitor ‘DArx*, 


r *>'- L? » - usioso 


‘S.TiVte. ot= -cue A.re-x 


Oft. OP“T'.e.A,t_ KAtv_- VTT>- 

Operational/ Satety t2.STCtji.ors A *ot < £-GT 2 .ia,{_. "CjktA. 

nU-SSETA «.Wr A<T.eT> oo<-TU NCo-JCi f=oOCCt.OO^ 


e^cHTsTss. 


i 2 _e n/i guts ! 

i 

l 


Maintainability/ Rssau* ScL>lXcH 

r2-PC« 'i eEVAtSMAtttje. ArOt. fc Cfl^. 

W<»TgM 

Other _ 

tiu.vur-\o. tsw POo\|tiio«'i 


dOMMAlSBe^ &.KSCS »*»*0 O fto fU^CS 'J' A 


i -rdc ^ATA fCOL%. I VSTen-FTACE. . 


A 1-26 







U NOTIONAL CHAP ACTERIST1CS 'Fog.u •. Tsft'&T Co^- Q^F- Ok) 

PovOgg, TVP-H •■ viou^&c. AC, 


l ~ ■ ■ ■ — — 

? ^T"( >0 C l^OiOtn^r" S.OCuJ \iour7A^e. — A*AO vJ*VC Pv^ . MAtC 


system f=vAKjc.-nc>o •. Ab-RaY 

'o-cEE-rAce. Uocr 

V-Aot>L^ L-6 

tSc^VATioM 


■svvt&uv 

C AvC 

SVSTe^A > 


PgQvJiSlOkjS To ^AQMlToa. VJoLrryMXe, Q-uD CLu^gjcV^T \ "^A^T A. £v*0 

C-O NAM c*.*o*^^ n^. vTTi a Ti \/v At S^x^- V /VL PiU^ 



PERFORMANCE DEVELOPMENT PROJECTIONS 


CHARACTERISTIC ! T^E ART 


Voltage Level 


ta*. Voltage 


Current Capability 


k Load 


. .cicncy 


Reliability 


MT3F iHours) 


Peak Load Capability 


Operating Frequency 


Magnetic Field 


Regulation Ti i 


Transient Capability 


Stability 


Redundancy 




SR»o s) 


tSo A 


Hi 


99 . 9^0 


0 . 9^2 


I < 4 . Y-t & u 


U"S» V£-t-A-> 


O*- 


OKL 


>Of\ 


l PMS 

I REQUIREMENT 


j A A o \! . 


! Soo NJ A.C- P*u, 


1*2. f^rsA p 


i ^.O )d^O 


I 99.9 


i o. c 


i l«o 2 yc.io *» 


: fa . o 


! VUi_f= Oycxe. < 2 . IS 


i Q. 4 ~T C,AVJ%S, K-VlSfc 


IO A 


achievable 

CAPA = iL. r V 


> £ 9 >OVJPVA- 


> gsb ^Je^- 


> i<;o Ps 


> I 


99 .?<D 0 


SoTA o fc. 
SOTA c><- 


> M.*S V^oO 


o 


o<_ 


M A* 


’U£ lOT^OT Op! 


AJ J NJ£\ 


ArCcor^vPuv^t^ ^rTj TU>£. ts-a A-TD re rv -4 opuLC. LGtjEL. 


INTERFACE REQUIREMENTS |j PARAMETRIC ANALYSIS RESULTS 

Control/ Monitor Siuiisi. "DAT ca <\us _ ujiftsc, 

STKTfc or -CtV6. ACLT 

ore. o p-tvc.au vtt 5 - iv»\ -ryp^ 

— : ; — EXCEEDS (b6.Qu\(?jy\evJTS 

Operational/ Sate'.y E.r6aoofvtJ7 ■S.£T2 j.A(_ "OKTA 

Piu-^seu swrAaera wvth Pu^Ctieo^,. 


MainuunabilUy/Resu v*, rttH O-M VT CP«5, 

r2-PC_ 'i (bEVAoMAttus. A*ot» t2.HtfvA.e-e: t> 

W^TEM aCT>P-vT2_ . 

Other _ 

Tiutur -\u>» T 5 W Rac\)iSkVOO^ 
toMMAiisbe^ Aue ^^ovivtofu^b vjv a 
-Tdc. “OA-TA rsu.s» I viTOU^ac£ . 








=MS COMPONENT CHARACTERISTIC DATA SHEET 
PART 3 — PERFORMANCE 

i COMPONENT NAM = 5ua(-!:o.'CoE. ( gL.eCTTtt.Q tMfe. CtA CA V_ 


| FUNCTIONAL CHARACTERISTICS Form ~bPt>T (om - OPF - o sa ^ 

j TotO^g, TVp-g. •. Mi6H ^QtrTAQe. . A^C- 

I <ZvctK3 ^ : Tpujerrs. •*- <s.p \3oirrA6e. — tooo 0 a-c. 

! <=mJ£.-n o<Q UuM^uufte^ Tou^ 6TL- P 'ATLnftC, lS.Ql_Ar~DO«^ 

| E££h£ •piyroi fSanoO •g.us SYvreK Qc, ‘SVSTOa^ 

| Pg ovASto»js -To ^qmitoC. vJot-nr>Mj.e. °-^D CUt'gjaiCxrr . 2li££h 

; Cq.na>w< Q.K 31 SS — riAM t. na v~T~rg-p \j\ a seRiR •aftTfl ^us. 


PERFORMANCE DEVELOPMENT PROJECTIONS 


CHARACTERISTIC 


STATE OF 
THE ART 


PMS 

REQUIREMENT 


ACHIEVABLE 

CAr* A ci Li"^ 


Volume Level 


■*8»o o M VLUi 5> 


3 eak. Voltage 


l^QC \J 


' <3 00 Ni^c- CZ MS 


1^)00 \} fZ-M.S 


\ “1 Oo \J Pvl, 


J^OOVIGM^ 


L 


Current Capability 


Ito.Q As 


Peak Load 


^ fV4^P f2.U«b 


> \S * 


1.S.Q 


Efficiency 




VS..O v^-uj 


T_«5 .OAt^ 




<h. *r °? c 


Reliability 


MIS 


6.^00 


O VC. 


MT3F (Hours! 


Kl **\ O 


0.2 Aio 


**rcf\ o vc-. 


Peak Load Capability 


. o 


i8.o ^\u 


2.8 .c> £LoJ 


Operating Frequence 




1 Wif= ca. is y-H^; 1 


o<_ 


Magnetic Field 


OkL 


| q. 4-7 C,*<av^ 


OkC. 


Regulation ** 


>o^ 


Transient Cacabiliiv 


JO A 


M A. 


j 1 0 AC-C- <0(^—0 A-KOCUk. LaOCTH TUg. lOTgyjt Otrl S~T T3 - 


Siabiiiiv 


*o 


A 


Redundancy 


Actors Put 


vtj Ti+e. 


errors moiouls, u.sn El- 


interface REQUIREMENTS 


Control/ Monitor Sfa^L "DATA n>u.% _ UOlf2SD 

£><z~ Op-^LC. Al_ VTO- "TVC^S. 

Operational/ Safety t2.e& w . O C>Pr<0T ^eritAl— TiKTA, 

Pbo-^se^ «»Wr<M7.crD OO (.TH A&0-J6 PuPCClOC'., 

Maintatnabiiity/Reoa;.* ^uotTCH u-<o vT (p*. 

ts.pc.'i asvAovJ-^aue. Ar^att Q-e^LAte^ por. 
WLTEM gg~T>AtTR- . 


PARAMETRIC ANALYSIS RESULTS 

PtcaieuAime. oapa < i with' 

me6t?> t^e.Q'-LLe^NAewrjs. 
TlAaoLL^ri KiOOAAAL. l WDUVTR^ 
DeO&LOFAAE MT. 


Other 

Tiu-tur -\u« TSvr ROcNliiioo'a 
4ommac 6£^ ArKi a >J vTO Cu£"C> LJ'A 

tU-c 'Data i va't^iP'AtE. . 
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PMS CCMPCNBIT CHARACTERISTIC DATA SHEET 
PART 3 — PERFORMANCE 


component name 


C c. LEerreo ICA,L_ ^ 

1 

FUNCTIONAL CHARACTERISTICS 

roau \ 

OPDT Cokj-ofc^- osi ^ i 

1 Pou 3 e«- “vpe Loua 

^olt A«Ae. 

, 1 >C- 

i £vrttj c •. ■RoLosTa-— 

(O.o£c 0 

\iotr 7 AGe. — 


SVVT&M ’■ OUTTPU-T ISoU-AT\P»sN ~F<2-0«-> ~\MS»T'g-V , turr(.C>0 

FbCL Coras} (_ Rgg,i. hnofrU.UESa CPC- ^»V^.~T€T>^ X \ 


P^OvKSiOvj^ 

To ^o^orroG. Uo ltc A-ae- 

tuECxMT ^ T) AoCj 

Clo ^AM C^AOTivS, 

-rr^KKi fs-A v'tti'td v/i a, a-u. 

^ATA 


I PERFORMANCE DEVELOPMENT PROJECTIONS 



STATE OF 
THE ART 

PMS 

REQUIREMENT 

ACHIEVABLE i 

\ CARAEiL.-V | 

; Volta gc Level 

*1o ybC 


\ t*3 JbC 

1 7 \7-0 MX>c_ j 

i Ptax. Voltage 

Ifco JCC 


*4-o V1DC— 

7 tfco MP-c. 

I Current Capability 

°to ATsc- 


St At)c- 

P 9o At>C_ j- 

Peak Lead 

rZvo vaco 


io,o viwuO 

. > 12.. O VO-cO 1 

Efficiency 

99.9°?o 


99.9 % 

i 99.9 °? 0 j 

Reiiaciiiiy 

o. 9 st. 


0.9*? 

SoTA O IF- I 

MT3F (Hours) 



0.2 x id *• 

ScsTfs ovc- ! 

Praic Load Capaoiiity 

l"L.o |toO 


*■1 .. O vc-lO 

r > IT.. O YOoj i 

Operating Frequency 

Otf- 

VUc?= CWcax. (2 , ZS V-W* 1 ova. 1 

Magnetic Field 

! Oic 

0.4*? 

i o<_ i 

Regulation *i 

>o^ 

t 

1 


1 *0 A. I 

Transient Capability 

• no -fi^rce-cP-o Ar»o<^- tortM Tue. v o n=,>oT o«l — S/ttj - i | 

Stability 

i »o A 


NJ *>S 

! NU£\ j 

Redundancy 


I 

Tt4£. n/\ A-^TO re module. 

INTERFACE requirements 

PARAMETRIC ANALYSIS RESULTS 

j Control/ Monitor Statm. "D Arc A _ ujiR® 

STAIt OF 

1 

TA£ Fvt2=r I 

OG- CP-TVCAvU SAiv.-STt>- 't^TE 

i 

CVcCEEbS, 

tLSG?U.VCCeM.exJT6 j 

i 

OoerationaL/ Safety tZ.rt>u.ot>Aor 4 -C^a.l- *DKTK 
flasse 1 ^ S^rAsfLcTD UOtTH ^d>C*J& rHjL#^CtL00^ 4 


! 

i 

Maintainability/ Renair 

S»uO ITCH 0-10 V.T CP'S- 



rpc^ oNJ^vius. *vot> Q-e<>'-Ac-© 



W;tCM CX > . 





Cider _ 

iiu.tur T®wr 

ROcNlltlOOSk 




iOMM PswoDcTO £**io& 

t^AO va cut^c> Ai 


i 

t 


I Ttic. t>Arr a f^>OLS» 1 y-ceop-AtE . 


\ 

i 



izzi ?: 


Al-29 






















?MS COMPONENT CHARAC 7 f STIC DATA SHEET 
PART B — PERFORMANCE 


COMPONENT NAME. 


>1-0 t~cg-i CoS. 


( ^t-e.c.-Trzo mec^ao ical ^ 


FUNCTIONAL CHARACTERISTICS ^Qg.M •. 3>F > *0T Co^~ OTF^Oio^ 

Tovoet- ~ypE •. Uou.> ^ourr^oe ; h C- v "Z Pv\ 

?ATt>JC • Taujero.!- CTnii'LL} \lo, -T^r.c _ l\«a v| T>ka « 


^VSTE-M. Puk]C 7\0»0 *. ?PVKU>A,b \So L&rc^oO ^rtotA 

-b£> 

* * V. 

^vC 

'blSTtii^CCTioO c> VATvSVA 


Ci-DC. 


Sto»os 

7q ^AOMiToC. VJo LTr A-ClC. ®-oD ^-Uv242JOO'T • 

£moc* 

C-O MM 

— N-wnrero v/\ #v sE^ia-l. T>#sTa 

^us. 

j 

i 

i 

PERFORMANCE CSV 

ELCPMENT PROJECTIONS 



1 

1 

CHARACTERS 

, r | STATE OF 

u 1 THE ART 

PMS 

REQUIREMENT 


ACHIEVABLE 

CAPA5iLi T V 

Voltage Level 

! '2-0 v/ Arc- C-US 

\ \<=> \j /vc_r^4LAS 

! > 

'2.0 "2-^S 

Ptaic Voltage 

! loo Vj Ok 

1QO -J 

r > 

Z.OO \JPt- 

Current Capability 

! C\ o ACZ-AlS 

7-S ^ rz-K^s 

1 *3 

S o *V fc-JoLi 

Peak Load 

V7. , O VUjO 

S % O >£-VO 

> 

IZ..O ^AKJ 

Efficiency 

! 

®1o 

j 

99. <=1 % 

Reiiaciiity 

1 o. f 

O.R4-4- 


^OTAs O VI- 

j M73F (Hours) 

' . 4- SA 10 <o 

■ I.s* xiofc. 

: 

Sot As o£- ; 

1 Peak Load Capaoiiity 

fZ.Ofcl^O 

Co • o V^-VjJ 


► V 1 . 0 £-\*J ! 


Operating Frequency 


I vUup is 


O tu 


_ ReTAlaiion *■» i OA j ^ i TTa] 1 

Transient Capability 

4r*OC-5i. LaOC^VA TUt \ O Ct^»VJT Qpj WiL-lTTi • 

Stability 

•° * i n-> ^ ^ jby. 

Redundancy 

PrCC OIVA Puv«i Uv=TO «Vtj TUc. NAA-TDrt N-'ofDu^E. V.S^El 

INTERFACE REQUIREMENTS 

PARAMETRIC ANALYSIS RESULTS 
state op TrLE. AvOTT 
e^cee^s, i^eQvjj^SKAeioTi 

Control/ Monitor -OAtc* <\u.s _ u, l(i£D 

OC2- Ot>TVC.Ast_ Mlu-STti- 

Operational/ Safety iz.eDu.oti Ao*r «.ecitA,(_ "CkTA 
rbu.ise^.' '.wrA.o.crck uocth N<iov)6 AiPCttoos,, 

Mamtainabilitv/ Repair , 

^TVC. VA ^lOITCH LUOVT(0^ 

r^-P C- ^ VJ -MUjc. ArOt 

W;tcm 

1 

| 

i 

Other 

iSuAur-\ks. -cswr Pa«\ji.s>voo<s> 


-rdc. ovta f5u$» i wyrSU-P'ACE. . 
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?MS COMPONENT CHARACTERISTIC DATA SHEET 
PART B — PERFORMANCE 


:OMPONENT NAME 


C ^U6.CTM2<j Ar«J( 


FUNCTIONAL CHARACTERISTICS rPC-M •. t>Pt)T Coto-OFF-QO^ 
Tou-i^f- tvFe ; vA>QH Uou C\C^^, v T>C_ 




*PqujST2.1— ^.OVAuQ \JptJ7A6g. — TSo. \1 T^C_ 


SYST sa* PRjiNicmoiO 


t-Qvo vJoOrAQfc. THSTQ. . 0-oOU /RJEZ.V 


i oPurr 


V<^ov. ATCIOQ A-T Tv<S. PA-^L-o^p iCiTOLFaC^. LVtovTS (^Dc_ S.T STO-A ^ 
P^OUvSlOm^ To MQmToa VJo ITT A-ClE. Q-*a& Q-UC4ajC>OT •. T^ArTA, jXOCy 
Co^k/io-khs^ — rsAV~TTL=-D \A A, S-e<2.lAt. 


PERFORMANCE DEVELOPMENT PROJECTIONS j 

CHARACTERISTIC 

| STATE OF 

| THE ART 

PMS 

REQUIREMENT 


ACHIEVABLE 
Cap a s i LiTv 

Voltage Levei 

| I'oOONj’OC 

i 

n*a>o \jt>c i 

> 

V < bOO\J , J>C. ! 

PzivL Voiiag- 

1 \«E>00 MBC 

ISOO 1 

> 

1 Soo t/tjc 

Current Capability 

i V.7 A "to C. 

u.~t A "C>C— i 

> 

\"7 A tJ<C- 1- 

Peak Lead 

i "2-S . o \e-oO 

*=>.0 VL^O 

■> 

i 

Efficiency 

°7o 



! 

Reliability 

o.nr 


> 

0,^b7 « 

MT3F ( Hours) 

1 (. A*, to U 

1 x. \o u • 

>1 

»!• Yto G j 

| Peak Load Capability 

1 TA . O 

i <■>•<} \e-uj ! 

> 

‘i.'S.O \C-tO 

Operating Frequency 

! 0*- 

! C-r^ue <2, 2S 


oc_ j 

Magnetic Field 

i 0¥L 

| 0.4*7 i 


o\d_ j 

Regulation r i 

i >0 A, 

1 jo<\ ! 



Transient Capability 

| io Arce-ca^frocsi loctva tuc t torsior of! 

r^uu-s»Tr> - v<i<L-\ 

S‘.abiiity 

| *0 A, 





Redundancy 


AccoisaPui^UCO At) TI-4&. KAP-TOre ^oOuv-E. UGNEl— 


INTERFACE REQUIREMENTS 


Conircl/ Monitor S^n.t.*M_ "OArrA, «\u.<» _ uaiiiso 
otz. oPnt^i. < t m\\^~ '.-ns- V’Vi.%. TVO’H. 


Ooeraiional/Satety I2.eTBoi.oCi Aur iGT2^At_ "DKr<\ 

reassert. ^WArtcxi uoaH A,G>ovI6 Pu^CClOOS., 


PARAMETRIC ANALYSIS RESULTS 

STATE, of T^t. /V2.-T 
t AC-6TETC \ ejE^ULi^^VAExiTc,. 


Maintainability/ Reoai.* SuOVXCH uu VT ^ 

liPC.'i R^VAOVJAttUC. MJb f2.ET?UAC© B> CfiS. 
Wvrgvi fRg~A(x v ta_ . 


Other 

ISUtUC -\0- TBA.T 'Pac\i(.SiVO«‘L 

o,*ob o >rces fuScC. mi a 

T^i-c "Data ^ol^. i va "n= T A P~ACE. . 
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PMS COMPONENT CHAP AC ."ERISTIC DATA SHEET 
P ART 3 — PERFORMANCE 

i - 

: COMPONENT NAME '"'QOV QoS. C guscrTRo saec-U a,»av.c £>t- **) 

| P'JNCTiONAL CHARACTERISTICS rOe.U ’♦ t>pt>T (oto- OFF- Op\ 

I Tou^ge, -yfig, : NourrAvQTE. , t>c_ 

i g_Ar(OC : 'Poujerra. i~ 'VSVAuj Moc^a-Gel - I^.qvJ'DC-. 

I •■ ^ATTeres’ / C.tvp.oAee. \s.ot_A-rto.o poq^ 

j ~g^.o>s.N Ai i*>us» svvtoa Ct> g_ s’V srre>-A 

; RgoU^SlQMS, To ^OMITOC. vJoi--r>Mj.e. o-vap Q-UC42JOOT ^ Twr^ £mo k 

■ q.«q-&s toam^ sAvTTerp v/v a. s^Q-i. a-l. T>AtTA 


PERFORMANCE DEVELOPMENT PROJECTIONS 

characterist:c 

state of 

THE ART 

PMS 

REQUIREMENT 

ACHIEV-SLE 
CAP Z ^ i Li TV 

Voltage Level 

^oo VTXL- 

“l So vt> C. 

i V ISo vyOCL 

?eax Voltage 

'SoO\it>c 

1^00 Ni t>C— 

— — 1 

> iSoo vJ’DC- 

! Current Capability 

'V A-DC 

us At>C- 

i > \Z A T>c- 

?tak Lead 

7-S.O Huj 


> V'S.'S. t£-oJ> 

| Efficiency 

i 

R 9c 

1 R 9c 

Reiiaotiity 

O.^C. 

O.^'S 

OJC_ i 

MT3F ( Hours) 

i t.Z'MO *“ 

1 LOS y.io *- 

i St^TA, Ofc_ 

Peax Load Capaoiiiiy 

! 2S.oVicO 

1 Ifa ,-Z. H-uJ 

! ZS. O V^oj 


Operating Frequency | 0 ^_ ; 

VAauP <2* ZS K-H-fc ! O ka_ 

Magnetic Field 1 ! 

0.4T C„MJ%V >^./sA ! 0*c_ 

Regulation *» ! >o 

1 ajK 

Transient Capability | [kj lot 

rM tuc. ' ort>vjr ©r=j s-rn - \ 

Scabiiity j ^ ^ 

frJ ^ -*0£\ 

Redundancy 

ArCt.OfsAPui < iL'Vv&0 fVC 

Tv^c- fs/\AUTort i^o^ulE. 

INTERFACE REQUIREMENTS 

PARAMETRIC ANALYSIS RESULTS 
STTATCfc. C5^? XVVfc SRTV 

t^veers r2ers> uafcEMBxrcs 

i 

Control/ Monitor Scuvm. -OArr* (las, _ WlB£c 

OfZ. CP-TLCAvL_ N-AVV-- V"HC> - 

Ocerotional/Satety (CS"Du.o OPror iCT2a.Ai_ "Okta. 
rSU.iSE'L. '.WA.o.cts WI.TH A,G»osl& Pu^CitOOi, 

Maintamabilitv/ Repair „ , _ , , 

SuonrcH u-uvtC^ 

*vOfe, 

Other 

OUWJX -MO- T5W POcsvJlHOO^ 
AOMM ^rfob V3 VTO CLi^k VH £\ 

1 

! 


TfclC. ^VTA f^OLV | UTSUPftCE . 
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PMS COMPONENT CHARACTERISTIC DATA SHEET 
PART 3 — PERFORMANCE 


■ COMPONENT NAME. 


rco-i c.'gr^g-. ( ru4TaoM&.oAAQ\ciAL.^ 


Form 


t>T>t>T 


FUNCTIONAL CHARACTERISTICS 

?ouOEt. TVPH KAg'P'UU ^OV^TAfie. . 


(_er^- OFF - 0*0^ 


Tf*-A»o^ kaissvo*^ TC.U5 SVSTSM 


S>Y<rc<^M 


~h 

CMToJC •• Toujgrtz. t- FS.'SVOVaJ yjojACS, — 44-0 Mt>g_ 

STSTeam FRm«Uc.tvo>o \ TbKTrgOr / £.WUvt£6CR- iS.-ouAT\o>Oi F^oM 


P^qnJ\Siovi^ To ^.qmitqC. UoircA-o.e. Q-uC-( 2 jEx:T ■ 

tOMM6.MT)<. *T~ ^ M \* V r JTD V/i At S’FT^Z - 1 Art- 


PERFORMANCE DEVELOPMENT PROJECTIONS 


I 

CHARACTERISTIC ! 

i 

STATE OF 
THE ART 

PMS ; 

REQUIREMENT 

ACHIEVABLE 
CA P A ~ i Li ■ / 

Voltage Level ! 

4-4-o 

4-4-o M x^c 1 

> 4-4-o C. 

Pta*. Voltage 

6 to vx>c- 

•goo Npc_ 1 

> goo vt>C- 

Current Capabtlitv ! 

S'o ADC- 

•Sv A DC— i 

> -go tt)L • 

Peak Lead i 

S4 fc.00 


.£4- VUaJ 

Efficiency » 

e tA.°i‘7o , 

4*1. ‘J To j 

<*4.9 °>o 

Reliability 1 


0. 1 

OTA 04. 

MT3F (Hours) 1 

\ .”2- AID U 1 

l.O«b XtO 1 

SoTA ©K- 

Peak Load Capability ! 

ST4 VLvkJ 

! lL.7.VC\rO ! 

54 1 

Operating Frequency I 

o*u. 

| V*»i-F C-rtJLt <2. iS FH4 1 

ova* 1 

Magnetic Field j 

OYl. 

] 0.4*7 K-*iS* | 

OvC- 

Regulation ! 

>o f\ 

JO A, 1 

ks A 

Transient Capability 

to ArCC-Cft-O Ar^OCJi. lor 

ru -rue. to-x^or ot=i 

iuil— ^- rn* 

Stability ! 

•O A 

JO 


Redundancy 

PrCt 0*-4PL-V ^t4v^O *r1 

TtJ-6- fv^A-crore i^o 

[ou.v.e uirvei— 


INTERFACE REQUIREMENTS 


Control/ Monitor SeaiM. 'OArt A R»u.S» _ uaifzeo 
OCR. OP-CVC.A.t_ > t K/ttt.- VT6- t^&\ "CNPH. 


Operational/ Safety aut S-CT2J.AI- DATA 

liaises, ‘.vvaucd oocra aQ>oJ 6 Fupcctoui, 


PARAMETRIC ANALYSIS RESULTS 
P\aAieUAS<u-c^ OA,rA,^iu”V 
w\eEXS RSQ vxi^CMevJTL . 


Maintainability/ Reoa;r ^ trt VOHTCH UJOVTtp*. 
riPC.^ (Z^VUaVJ-MitJe. ArOtk Q-S^t-SKC-e tt> *=©<£. 
W<,TCM fZg~FP-vP- . 


Other 

Tiu-tur -\u» tbw POcUtivoo^ 
tOMMAto&C^ £**0 Cs ’^-''O vl y-po ft-tSrCi Mt At 
idea 'OATA 'DUS* l vaTFTJJF'Ace. . 
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PMS COMPONENT CHARACTERISTIC DATA SHEET 
PART 3 — PERFORMANCE 

I ** ' ■ — ' - ■ -- - 

! COMPONENT MAM- SvjQ rru-l C,C7vC_ ( B-UgCTteO NAlSTB A>>olC A. 

I FUNCTIONAL CHARACTERISTICS rORU •. %P > t>T L QN> - oBF - QtO 

i Toujet. ~ vp-= ; loh; 'OoaAc,^. , 3> , f\C_ 

i T> OUJ ena.v- to.oiAvo \)qcta-g&. - oas 

; SVVTej^ PkAKJcrno^o \ Qu-tpult Is>ouxx~t«o»o FOom 

; vuvj/ uoduixs C~dc. SVsrcex/A 

j 'P^OvASlOM s "To MQ^tToC. Uo err A-^&. Q>oP CL-Uvg^xTkTT » a-*Q ft 

; g,Q_NA»s^ c^KTfrS T C>w>o s fsA v~TT l ^d \J\ ^ 


1 


PERFORMANCE DEVELOPMENT PROJECTIONS J 

i 

CHARACTERISTIC j 

i 

state OF j 

THE ART 


PMS 

REQUIREMENT 

ACHIEVE 5 LE 1 

CAPAEiLi^Y ; 

Voltage Level ^ 

12.0 VJ AO-P-MS 

V \^N ArC &MS 

>Ho\l AC. I2^-(S 

?tajc Voltage 

loo \J W- 

2.0 o\J 9 vc- 

> 2-00 M f*tL 1 

Current Capability i 

So A 


*o o A* i^KS 

> A f^M.£. 

' Peak Load j 



VO. O k0-<-O 

> ri.O\CcO 

Efficiency 

c? 0 


SR. ** 

SR.'n °?4 

| Reiiaciiity 

O.RVi. / t«*J 


o» ^ 1$ 

SoT A o i 

MTBFiHoursl 

!.•*» ^o u 


o, i?o x .10 w 

4oTA OK- 

j Peak Load Capability 

Vl-o ti<o 


11. o ^A-O 

> (I.OWLuQ 

| Operating Frequency 

o*- 

VWj= C-rtii <2. ZS 


Magnetic Field 

o<- 

O.AT CA^V^ 

1 OK_ 

Regulation *i ; 



#0 A 

! *o A 

Transient Capability J 

to Arf.tcfU5 Ar*o<-Gu LOCTVA "TU-C. * OTV^VJT ©t= 

j Mil- S/TTQ - V V 

Stability j 

♦O Av 

I 


! 

! Redundancy 
I 

^rCLOMPu^Ueo «Vl 

T^c. r^y £-TO re o^ulS. 

interface requirements 

PARAMETRIC ANALYSIS RESULTS 

Control/ Monitor S,s-n.t*.i_ -DA ft*, _ u^uzjso 

act. CP-CLC./VU * ; IN^UV.- «>TT}- 1*^=*^ 

STATE CXF- 

TW€. ACT 
eEQu v ee M6UTS 

Oceranonal/ Safety l^eDuo^Proy ^CT2.LArt_ "OKTAv 

FiU.t*SE^ ^>^rA,acrD uo CTH N£>osJ 6 Po^CUOOS*. 

fc. J\CJcc c. w eo 



Maintainability/ Reca:: ^ Cirtu ^ooiTcH u-JO \.T (o^ j I 

re-PC.'} (tEuoviAetc. *-ot> re_er^Ovce: 1 

W ^TgN't p>- y^- . ! 

Other Z " 1 j 

tiU.lLrr -MO- TSVT POcxIl^VO^OS ! i 

t I 

iOMM N^o >0 'TOO CU=rC> VJ'A ! ; 

-rdc. ■OAT A <5Ui IWiT€^J=-AC.E. . ! 















=MS COMPONENT CHARACTERISTIC CA7A SHEET 
PART B — PERFORMANCE 


COMPONENT NAME . 


S>io rrot Qoe. ( E-LECTtZo <Vsavc*»> L. ^ 


i FUNCTIONAL CHARACTERISTICS. 


Form •. 


PoiOgc. tvi>e Lch-o v/oltag g. 


t>Pb~T (, QU- OPF-oM ^ 


■s>c 


g MT( O ( 


T*0 uj £TT2- i— S»Q VCvkJ Viot-TTA-Ge. — US'JDC. 


SVSTcj** PRakJC.~T\O>0 

i^U^. S.Wrerv/1 


PfryioA-S v £> O lATt o Q T=&okA SlLTfelfSlCTtOM 

Cbc system N 


P^QVjtSlOM^ To MQMiToC. Uoi-rctMXe. °-«J& 0-UC42^r>O~r •. T^^yrA fMJQ 

JtQNAK/' c>o-b«, "rCRWKl^ s.A.'.-TTlTO \J\ A, S-etZ-lA-t. tof>(TA 


PERFORMANCE CSV EL 

GPMENT PROJECTIONS 


i 

1 

CHARACTERISTIC 

| STATE OF 

| THE ART 

pms ; 

REQUIREMENT 

achievable 

C A P A ^ i t_i 

Voltage Level 

! '.’Zo vJT> C_ 

l\*S\)OC_ 1 

? V 7.osi to e_ 

Ptax. Voltage 

1 (Co O \jt>C_ 

» 4-0 vJ T>C- 1 

■■ ■ — ■ ■■ — ■ — ■ ' 1 

> 1 fe O 4t> C- 

Current Capability 

1 Ho Ate. 

4-4- Ate i 

> H o A-t> c_ 

Peak Load 

i IT-. o VCa-O 

KBBH 

> 1*2. *Q VC-j-O 

1 Efficiency 

! 4^,4 ®)» 

44.4 «?o ! 

44-4 ^0 

! Reiiaciiity 

; o.43& 

O.R4-4- 

S.CTTA ot-c. 

| '-1T3F (Houni 

! ' > 4-A to u 

i.S? •< to fa 

SCTTA. Ofc_ | 

Pea* Load Capaotlity 

« O ICmJ 

G>. o VC\0 | 

? C2..0 IC_to 

Operating Frequency 

1 Otf- 

vu<-f= C-rtxC. CL 2S ! 


Magnetic Field 

! o*a. 

0.4-7 C»A<uVL **** i 

o<_ 

Regulation ,jr i 

I >o a 

W4 ! 

M A. 

Transient Capability 

i io ^sce.efUoA^jc&. Locf~vA -tuc. ' Ot^vjt or=j 


Stability 

| KJ A 

M*S ! 


Redundancy 

1 

I PrC.COis^pL.Kil'te-O AT 

r\_A A-CTO rt i^olou.\»E. UC\EL- 


INTERFACE REQUIREMENTS 


Control/ Monitor S,£-o.i*.«_ tiArtv flu.s, _ uj.iisd 
o OP-CUCA^L. MIL- V'T’^ - “Cv PH. 


Operational/ Satety I3.2TDU.O tai=yu-r ^CT2o.A,t_ "OKTA, 
I'iU.'.SE'R «.vva.R C - d oo t-TH A<iosl& PuPCUOOS ( 


PARAMETRIC ANALYSIS RESULTS 
STATG- OF TvLtR. (\WX 
EY.CSSDS, 1^75 ax fee. nAGVJTS 


Mainia:nabUUy/Rs =a .r ^ tw Sl ^ TcH ^ VT 

P-PC.'i (ieVAOVl-MiLC. Ar*Ob f2_E?U\C£: fc, t=©^_ 
^^TEM P^ApL-vtS- . 


Other _ 

Tiu.vor-\w. t&wr PooNkLtoo'i 
toMMAobe^ &.K»b '^loiivTonj^^ 'Jt A 

tU-c. "Oat a fiu.5. i ^xeRjF'Ace. . 
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PMS COMPONENTS CHi P ACTERISTIC OATA SHEET 
PART A - PHYSICAL 


COMPONENT NAME 'Sio «TcHr 

C'Soeifc STATE ^ 

— - ■ f 

FUNCTION ffc-oMVDC SuaVClM \=Ha.OCTvD 0 S PoR- <U>OP=t CUdA TlOO ^W*»uC,Ei j 

W\ 0 ^olu €7 CLon^O^XTTlC)^ , ^KTTtnZ-S 7 * ! 

OOOTft-O t k POLO'STC.. ONi/DFP 

V-A 0 "D tA V- At X^OLATLOlOi 


PHYSICAL DESCRIPTION 

PARAMETRIC ANALYSIS RESULTS J 

St=.kAvCootiU.CTO< 2 - ’pouoexz. SuOV“T CH-lO^ 

Spgurc. 

"DesjiCES. , mcdium Pousea ■Ottv>Jer 2 .^ / 

\JouuLKAe. 1 >Ec.( 1 ETw<;e: 

AmT^ fVASl / USX 0-OK>-Tnc> L , 

HY.P o isS eVJTC i. LuY C.'bvFFtO^TJT ) 

tOMWAMb t AMD liftTA (UTBZRKE 

UivTU \Ki cKLEASuoc; 9 booCtE. 


C-l^C-u.iTfZ-V MouOiCO (*0 A wow - 
S&TvUtrfc WoU'SlOc, / tVtKT SticjC- 
STejj-f-rua^. . "p^s-nvit, Trtt/iMM. 

D£"Su;io fvu<; *^evrrec> Heat 
T> lPeS VF . 

PHYSICAL DEVELOPMENT PROJECTIONS 


AtTA.cu.eo c-u.vs.vj-erL ^ 


CHARACTERISTIC 

STATE CF 
THE ART 

PMS 

REQUIREMENT 

ACHIEVABLE 

CAPABILITY 

Size 

S eE fcn KcM er> 

TiNC^ue. 


Weight 

AmAca er& 

tA<*U£. j 

Mass 

bee, AvTTAsLUe-U 

X*,EVJE | 

Cooling Requirement 

AenrrAcKe-D 


Operating Temp 

T* kakx. Cvoc 

cvr c*<jfc") t £,S°c. Ti 




<uaa"^- 

SoTtfs Q£_ 

Pressurization 

(Vt^evA^Ur 

rJou- PrtG^aejL^efc 

Vibration 

SJ-tom Lfc- t-A«_x»oOrt 
GXW. Ot- 

^WAJCTTV.6. UVUklCH 

xzjfqulx fterrv\ evrr^ 

i-U^jrrrufc. \-PKJLkocti, 
ot\J. ovc. 


PHYSICAL INTERFACE REQUIREMENTS/CHARACTERISTICS UfclcT c>EX(.C,» 0 €ro t 0 mouot 

To Ccld Pv-ATE. IOI.TH £oob TtVe^MAC Oo<OT>u.CTWiTY . UI<SK VocrA^E 
C\Ots Couv/®iorCt.OiOAl_ (LO lOOemcf^'L MauilPLt &.PC.' L MftV 

TSe. MouOTtfO <»0 A "S i tO £\_e. UJPCT* 


MATERIAL CONSIDERATIONS 

MA-retUAt FtoYi. H-ow.itO^ SELECT (TO Fo(2_ HCHT VJEI^HT ArfOD 
CvooO C-owX)UCTtOcTV . Fhju. ^ u.»^ Oft na A^kjG^ivjulo AUCVS 

Pn-e>E>ATHje. SeLECTtoO . 
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Table 1. Switchgear physical 

characteristics - 

solid-state switches. 


POWER 

AC/DC 

FORM 

FUNCTION 

SIZE 

(m^ x 10“ 3) 

WEIGHT 

(kg) 

MASS 

(kg/kW) 

(SPST) 

DISSIPATION 

(WATTS) 

AC SYSTEM 

25. 0 kW 

DC 

DPDT 

Inv. Inpt. Isol. 

0.200 

0.40 

0.008 


25. 0 kW 

AC 

DPDT 

Inv. Mod. Outp. Isol. 

0.200 

0.40 

0.008 


5. 0 kW 

AC 

DPDT 

Payl. Mod. Inpt. Isol. 

0.100 

0.26 

0.026 


15. 0 kW 

AC 

DPDT 

Payl. Unreg. Pwr. Isol. 

0.076 

0.27 

0.009 


DC SYSTEM 

100. 0 kW 

DC 

SPDT 

Slip Ring Inp/Outp. Isol. 

— 

— 

NA 


15. 0 kW 

DC 

DPDT 

Payl. Unreg. Pwr. Isol. 

0.076 

0.27 

0.009 


10. 0 kW 

DC 

DPDT 

Conv/Reg. Inp. Isol. 

0.140 

0.24 

0.012 


10. 0 kW 

DC 

DPDT 

Conv/Reg. Outp. Isol. 

0.140 

0.24 

0.012 


10. 0 kW 

AC 

3PDT 

AC Inv. Outp. Isol. 

0.210 

0.36 

0.012 


5. 0 kW 

DC 

DPDT 

DC Bus Payl. Isol. 

0.100 

0.26 

0.026 


5. 0 kW 

AC 

3PDT 

AC Bus Payl. Isol. 

0.150 

0.39 

0.026 


5.0 kW 

DC 

DPDT 

Distr. Payl. Conv/Regl. 

Isol. 0.100 

0.26 

0.026 


AC OR DC SYSTEM 
13.5 kW DC 

DPDT 

Batt Chg Inp/Outp Isol. 

0. 135 

0.24 

0.009 



DENSITY DATA (PER SWITCH) 
POWER DISTRIBUTION SWITCHES 


(FROM VENDOR OATA) 


ELECTROMECHANICAL 
RELAYS (EMR) •- 

SOLID STATE SWITCHES *- 
EXTRAPOLATED DATA A 


HIGH POWER EMR 



LOW POWER EMR 

A A A — 

•A A A— 

SOLID STATE 


Switchgear volume relationships. 





PMS COMPONENT CHARACTERISTIC DATA SHEET 
PART B — PERFORMANCE 


COMPONENT NAM? Suo iTo\ ( Soul) STV-fTS. ") 

FUNCTIONAL CHARACTERISTICS 'For.M-. T>PT)T Co^-OFE-Oo') 

Pou?Et- TYPE VAetilUM vJoerAAE. C. 

£at\»jC "Poujsrtt.!- ZS.ova-mA \losA 7 /M}e_ — 4 4oupc , 

RakJc.t\oio ; Mobute. oucvP^kzt \Sou/vtioO Fo^. f\C_ 

iu\lcQ.TCK Mobutes At C2.DTAO-V TO^>AiFoa^E«_ C RvC- t. < TVTeVA N i 

P^OUvSiOMS -To ^OMiToC. VJo i_T:*Mj.e. W3D &-*JL'Z& jCUT • T^TA £vOCv 

ClONA^ cw*ot^s» “rr^Ki ^ r^A v“TTt5TD \A Ay ArU TA 


PERFORMANCE DEVELOPMENT PROJECTIONS 

CHARACTERISTIC 

STATE OF 
THE ART 

PMS 

REQUIREMENT 

II 

Voltage Level 

IWOO VJPVSL 

4 40 0 Ac Pc 

■ScTCA OC- 

Peak Voltage 

Iboo Vd 

ftoovlN: Pvc 

loT^ ot- 

Current Capability 

Titar^ 0-M.P 

C»o 

SerrA o£- 

Peak Load 

Soo >4*o 

1S..O vcua 

ScrTA o*L. 

Efficiency 

R4-S 9o 

^°I.R. ,r )o 

4 c i.‘; 0 ?« 1 

Reiiabiiity 

o. ^S-2_ 

0.^i3> 

Sot As o 

MTBF(Houn) 

l» S MD u 

O. Rt. A-t o 

^oTA o VC_ 

Peak Load Capability 

to, ooo fcrMlA 

*?>0. o vi uj 

SercA OVL 

Operating Frequency 

O*- 

<2* ZS vc-rt* 

Ofc. 

Magnetic Field 


0*4*7 C»ArU%M 

oyd- 

Regulation *1 

>Of\ 

JOA 

M A 

Transient Capability 




Stability 

•o A 

A-J c>\ 


Redundancy 

ArCCOf^Pui^Hv=ro <Vt 

TU-S. ts-a P^TO re is-fo 

OulS. L— 

INTERFACE REQUIREMENTS 1 

PARAMETRIC ANALYSIS RESULTS 

■RPC vomv 'TWrtAS.ToR. 60CTP. 
T>tNVCET- CfVi T$&. ‘De'StC t L>€T> 
To NJVC6TT 
WEV3TS ( rO<L Pr C- 
SuMTC^tOq 

Control/ Monitor Stuinu ‘DAfXA f\u.S» _ oo ( [Z£D 

Oft. 0(=Tvc.At_ •, kavv.- VTTi- TV PH. 

Operational/ Satety (Z.eT)LJLO fc^vor *t>KTA, 

rba^se^ <»w^acTD oocra N£>osie T^j^cucos*. ’ 

MatntatnaSthty/Resa^ S>uOVCCH 0.0 V.T (o^. 

R.PC.'i k^vaosj-msuc. Acb r2_HT9o\ce ] 

W5.TCM ftCFPvxR.. i 

Other _ 

15U(«-\U. TEW PO-oUlivOWH 
iOMMAObe^ Ak>& *'ji0klvT30fU^& MV A\ 

Tvlc. t)4fTA fSUl^. t«-C€T2JF'ACe. . 
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PMS COMPONENT CHARACTERISTIC DATA SHEET 
PART B — PERFORMANCE 


COMPONENT NAME 

Sus ercx C ^rp. E_ 

C Soutr) Srr>rTE_ ") 

- 1 


FUNCTIONAL CHARACTERISTICS 'Foe-a 'OP'bT (qU-OTF-qiA 

Toio^rc. tvp-e. ■. MErnukA 


Voltage. t>C— 




To uj era. i— 2 -S.olA-uA \iokJAOe. — 4 ^o vJt>c- , ma>. 


SVSTem Pu.nJc.tvq»3 


(»o Purr kSouuoM Fog. Ns. vi^vietn:€ie_ 


MOtuLES NT SolAE. ATZCaY BUSSES 


( Ac. ^Y^tEm ^ 


~PgOUtS»Q>JS To >AOMiTDC. ’JoUTtMXe. <Map . T^/yTA AoO& 

dpNAtA Cto&t, — fZ-AMQ «k fM \TTi°-p \A A S-gE-t-AL tlhTft ^US. 


PERFORMANCE DEVELOPMENT PROJECTIONS 

CHARACTERISTIC 

STATE OF 
THE ART 

PMS 

REQUIREMENT 

ACHIEVABLE 

CAPASIL.TY 

Volugc Level 

Soo v/t>C- 

-4*4-0 'JDC M PV7C. 

So os) b c 

Peak. Voltage 

Soo^C 

6.00 vi*DC- 

^ »© vj bC 

Current Capability 

4-o.o A.MP 

feO P»mP 

CoO i O AVWAP 

Peak Load 

to .O VA.OJ 

res.oviAAj 

7S» .o 

Efficiency 



RR.S 9o 

Reliability 

0,RS2_ 

■KXIHHHi 

SoT A. . CMC- 

MTBF (Hours) 

1-tTUO u ’ 

O. Rfo X < O b 

SoTAv OVCL. 

Peak Load Capability 

1 . 0 , o yL*o 

3o-ov=-aj 

1)0# O VLcO 

Operating Frequency 

O*- 

C-VejL-t (2. IS 


Magnetic Fieid 

O *L 

0-4"? C,*u^V 


Regulation 

>0£s 

IO*\ 

*0 4. 

Transient Capability 

1*0 ^C-OfU> ^KJXLXi. LOf 

>a TU-e or= 

M^L-iTD - 

Stability 

»0 Av 


NUCK 

Redundancy 

PrC.tor^Puv^L'Veo <VC 

Tt^£- ^\MTDrt o 

duus. 


INTERFACE REQUIREMENTS 


Control/ Monitor SeattsL TiArCA t\txs, _ uaifciSD 

00 _ OP-CVC.A.U tsAtV-- VTO>- 


Operational/ Safety n>.;rt)u.o t> aot «Xua,i_ t>ATA 
idu.iSE't. SvvA>n.erD oo tTH a,<^osJ& T=u,**Cctoo^_ 


Maintainability/ Resa^* £livtw <LuotTCH u .10 VT (o^. 
(2.PC 'i (2£D-tO o *,aut Ar^atk t, C©<5_ 

WvrgM <3^r>p.qa_ . 


Other __ 

ISUkUT -\»0>. tsw PO«\Jl.iV0W* 

tOMMM9be^ Pvto El r^>Q vl k"tO VJVAi 

Tvic: 'OAT A 1 Vi-T€WJ=*ACB. . 


PARAMETRIC ANALYSIS RESULTS 

Mot>©2.(\Tt tKiCTEe'ASe (Ni 
ot/CTf»urr Sugvtxh CAPo.atUTV 
To c_ epc fee«aiE£D. 

<Lcs 'Poooee. tca(oSiltu( 4 
£BrpoLA(L ore. FET') 
i M(*fao\ieME^aT 


!S‘2ri 


A 1-40 





































PMS COMPONENT CHARACTERISTIC OATA SHEET 
PART B — PERFORMANCE 


COMPONENT NAME 

2>v-o V”TO\ 

C So-utr> Stats. ") 

! 


•Fok-m 


RJNCTIONAL CHAPACTERIST1CS 

PotOgt. TVP-g. : Ms-biu.HA 


taft'bT Cov^- ogp- oio^l 


viOUAGC. 


A»C- 




Tpujsrg.!— S.ocuJ VloaMe. — -4-4 -q Pfc- . M/w 


system <=uk1c.tvq.o •. ?AVt_oA r o 'crc5E.-FA.ee- Uoct Module i<,c>u>a>oM 

PttoM "otyrei Puerto >o ^.y-ts -syyc&M C (Vc &V sTeM ^ 


PgOtKSlOigS To mqmitoC. UocriKi.e. Q-*ap <UtC4aiclOT ■ *^>rTA\ 

dpNAM a.iQTi’' KAvTCghD VA At S^ETfZ-l A-L. T>ArTA ^U.i. 


PERFORMANCE (DEVELOPMENT PROJECTIONS 

CHARACTERISTIC 

STATE OF 
THE ART 

PMS 

REQUIREMENT 

ACHIEVABLE 

CAPASiLiTY 

Voltage Level 

7_t©oo vjV*l£_ 

Ao M AvC. Pki. . 

ScfTA OC. 

Peak. Voltage 

2.(»oo vJ PkL. 

Soo MAC P»t_ 

ScSTA OC 

Current Capability 


1*2. 

SoTA oe. 

Peak Load 

Sop ip-»-o 

S.Old-cO 

SoT A ©C- 

Efficiency 

q°i. s^o 

*?o 

R^.S^o 

Reliability 


0^-2. 

ScTTrs OVC 

MTBF (Hours) 

Z,o %io ^ 

1. OS XlO 1 " 

SOTA ° 

Peak Load Capability 

lO jCrur© KMP 

Co-O *LvO 

SoTA OC 

Operating Frequency 

o«- 

VUcf= C-iHSx* (2. Vt-H* 


Magnetic Field 

OtA 

0.4T 1 

o<- 

Regulation 

>o*\ 

JO 

M A 

Transient Capability 

; i»o A*cc-on-o^oc^ci. lot 

>a -rae. vktt^iot ot= 

r^u.-Srcr* - 

Stability 

*o A, 

ro fis 

NJCS 

Redundancy 

PrUOMPtKU'ctl *r*t 

Tt^£- r^AP-Tore r^o 

DULG. 


INTERFACE REQUIREMENTS 


Control/ Monitor Ste-a.i»,«_ "O AfCA» H>u-S _ uoiiaeo 

Oli. OPtt.tA.l_ >j vro- t<viT, Type 


Operationai/Satety IZ.rt)aut5PrUT -i-CTTZiiNo T5Krf\ 
fiaisee *»«a-ao.ct» uotTH nQx^js PaPCttooi, 


N (atntatnabthty / Reoatr <j>uOVTCH U-JO \.T (C 1 ^. 

is-pc.^ c-evAONJ-Msui. A*Jt> f2_s^>osce t> pope. 
W^TCM n&PP±\*L.. 


Other 

TiutLT-Ma« TBW Pa©\kitOIO«i 

£OMM Atooeo 0>,fO & f'AOUv.-OOOjS’b VJV A 

Tvlc 'DATA rSULS m T g T L g’ACg. . 


PARAMETRIC ANALYSIS RESULTS 

R?C THSidlSTO'e. 

OUTTPtCT TsesJtCJSi GA»A t^G. 

"bCSlQOCD TO (LAeHTT AU- 

Pmv RE^avnsdMGVAT^ , 'Roe. 

hC* SwTOUfcq 


5652 ii 
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PMS COMPONENT CHARACTERISTIC OATA SHEET 
PART B — PERFORMANCE 


FUNCTIONAL CHARACTERISTICS Toe.u >>PbT (c>vj- OT=F- ) 

s'OCTi'sC.g. AC- 


g AruJC •• Toujerg.!- <s.q v^jQ MoirrAGe. — looo sIac 


^ ^OvQgg, ISOlATlOU 


pgjstJV •diStQ.i ^utiOQ 'g.u.g, SYsrrcD^ C AC. O.'tVTCm. 


PgovKSiotjS To MpmToC. 'JocnrA-ge. <Uhec£)oT ■ ^iixlh 

NAN4 TfLVM S NA V^TT cT> \7l At S^Tg-lArl. A tiul 



PERFORMANCE DEVELOPMENT PROJECTIONS 


CHARACTERISTIC 


Voltage Level 


Peak. Voltage 


Current Capability 


Peak Load 1 


Efficiency 


Reiiabiiity I 


MTBFi Hours) j 


Peak Load Capability 


Operating Frequence 


Magnetic Field 


Regulation j 


Transient Capability | 


Stability 


Redundancy 


INTERFACE REQUIREMENTS 


STATE OF 
THE ART 


Ifcoo 


U»OG Si P¥~ 


7 .UWO 




** ° 7 o 


0 . 9 SA- 


i > g •<[ o fa 


VO, cn>- o 


PMS 

REQUIREMENT 


v OCo NJ^rC. CMS 


\ 10 D \J Pvu . 


Art-<P (ZU5 


I V , O V^VjJ 




O, ^Oo 


I O.SOMD b 


iB.o Kivj 


C-tHUL* <2, IS V«-H% 


0.4T MiMC 


-.'ABLE 

SIL.TV 


SCfT* ovl. 


ioTA 


SoTA 


SoTA OVC. 


StoTA OVL 


OC. 


»OTA» OVC_ 



is) <vc.c.cO-o Ar'ocji. uocfx Tkie. uotsvjt o<=l N4u.-s.-rr> - iS4-t 


AttoMPu^weo 


a^Td rr N 4 ojou.\»S. 


CtTVEL- 
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PMS COMPONENT CHARACTERISTIC DATA SHEET 
PART 3 — PERFORMANCE 


COMPONENT NAM= Suj TW C\cp.e. 

C ’So-utt) STAfTE. ") 

1 

FUNCTIONAL CHARACTERISTICS . '• 

SPtT ( OVi- ©Kh*'} 

PovO^t- TYPE •. VAt^H \J0iTfe$6- 

. DC 

<Z AftKic : T’oajertt.i- ' °o vanjJ 

Mo<TACe. — TEo ut^c- 

SYSTEM f=VAK]£JT\0»0 \ 1 lO*D »\Jt bOLA, L- 

"Suvp R-uOq vtOAOLT ISOt-ACTtONi 

T=rcoiA ACG./YY fusses 

C t>c s^vrexO 

P^o vJvSiokj <„ To MOMiToil VloCCA^e. A-*oD O 

COf^AN^ rsAV^TTeTD \A At 

S-etZ-lAt- ’blhTfi EtUS. 



PERFORMANCE CEVELOPMENT PROJECTIONS 

CHARACTERISTIC 

STATE OF 
THE ART 

PMS 

REQUIREMENT 

ACHIEVABLE 

CAPABILITY 

Voltage Level 

5oo sj 

hSo OX5C_ 

\ Cr-CTO Ot>C_ 

Peak. Voltage 


ISoO vibe. 

l trts-o vJtxc 

Current Capability 

4-o AkxP 

A-M. PDC- 

\*=»o 

Peak Load 

7.0 V-VJJ 

1 O O 14-00 

(.00 ItfAO 

Efficiency 

<W.f 9o 

S’ <% 


Reliability 

HEEHES951 


S err as o 

MT3F (Hours) 


\ i 4-o ^Cl 

SOTA Ofc_ 

Peak Load Capability 


1*2.0 4-oo 

loo 

Operating Frequency 

oie- 

V**i-<= C-ytixe. <2, IS 


Magnetic Field 

okU 

0.4^ C,AU%V 

04- 

Regulation ’ r i 

op\ 

OA 

M A 

Transient Capability 

tAJ ^CC-CfU) flrfOiCGu lor 

rvi. -rwic. \ o-tstot op 

r*4ic -S.*rr> - t^A-v 

Stability 

KJ Av 

NJ 

| 

Redundancy 

ArC.t-OfMOui^HvE'O Vt 

Tt-^£- TsjAA-TOre n-^g 

DuuS. ^ l — 


INTERFACE REQUIREMENTS 


Control/ Monitor S,£-a.«.«st_ T>ATCA 1.U-S _ uoi(iSc> 
oa. op-cvc./\i_ mil- 


Operational/ Safety i^srDu-O toPrO T ^CTUA.t_ "OKTft. 
Pbasse^. <»wr*a.*rD oocra f=u.* 3 CCt.oo^. 


Maintainability/ Renatr •etVCW SuOVTCH (J.JO VT (O^. 
R.pc-'i (ievAoM-A.cue. o_er?'_2sr_e b 

W ^tsv Pv tp- . 


Other _ 

TiUtLT -M-S* tSW POcUtitOJOS 
iOMM AtaDCT OiMtt vO vtO rLi^C> Ml A 

-rdc. 'Oat a i vj-reR-PACE. . 


PARAMETRIC ANALYSIS RESULTS 
UA-Q^e t naPP-OM CXAEYJT IKSk 

RPc out Purr capa^iux^ 

Rtlpui (Td> . 
t?aPo\_A<2. OK 'PET T(2A»AS.(LTofi: 

( tv\PocN £M.eur 
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PMS COMPONENT CHARACTERISTIC OATA SHEET 
PART B — PERFORMANCE 


COMPONENT NAME 2>us iTW CtcMS. ( SrtVfTS. ") 

FUNCTIONAL CHARACTERISTICS 'Fcjk.m •. 'bR'b'T Cc>v» - OFF- O iO ^ 

Pounce- ’T'fp-s. •. U.V6H \J0 VTTAAfe. , DC 

<ZATTtK3C •• TouJeTtii- 15.OIA-0 \}0O7AC.f=- — ISO \)T>C 

system ^AKicrrvoio LX o T2 _£Au.uatC D ^coce. load 1 uati o 

Ffe^M "Dv^T(2.i I^UTTiOAj S<iSTE:KA. 0>C_ SYSTEM"'! 

vASl 0*0 <> Tq MOKJITOC. VJo L-T fl-oD G-^C^^jEVjTT ‘ ^ArTA AoO & 

dO_^>s> r^vTTerD V/l A, S'SXil A-<_ tiftTA P>Ut 


PERFORMANCE DEVELOPMENT PROJECTIONS 

CHARACTERISTIC 

STATE OF 
THE ART 

PMS 

REQUIREMENT 

ACHISVi3LE 

CAPA5iLi T Y 

Voltage Level 

So© \J 

“7 *E?o \3 DC_- 

\ to-oo >4 t>C- 

Peak. Voltage 

SoovJ 

ISooviDC 


Current Capability 

4o KM.P 

ADO 

4o AXML» 

Peak Load 

TUdIUjJ 

IS .o VIxaJ 

4o^m) 

Efficiency 


99- £ *?o 

99.?% 

Reliability 

t>.qs4- 

OAoo 

S>OTTA OL 

MTBF (Hours) 

U <R Jcto>* 

o. %o *.tO 

So“t#s O Vl_ 

Peak Load Capability 

■7-0 K-^O 

»S.o(cuJ 

VoX A *=>!£_ 

Operating Frequency 

O*- 

VUcf= Cvexc. <2. IS Vc.H% 

Ofc. 

Magnetic Field 

o*L 

0.4T 

o<- 

Regulation ,jr i 


AO A 

K2 A 

Transient Capability 

to AcC-CO-O Lor 

rvt tuc v Or^or ot= 

^u--Srrn - 

Stability 

♦O A 

AO A=*S 


Redundancy 

PrCCOis^ Put <* 14CO five 

TU-S- K/iA-Tore is-ao 

DulE. LSVEL. 

INTERFACE REQUIREMENTS i 

PARAMETRIC ANALYSIS RESULTS 
\_ACC-e. NoLrrACje. Rat to q 
1, CvAPte O'* GMCMT 'PbO- C2.FC 
oultpuT. R£Qa\ ^.erci . 

I5.»P0Lac OF. FST TOP'i^^l^ToeL 
) rM piioUSM E.oT 

1 

- 1 

Control/ Monitor T>Arc* <\ul<> _ ^,(2^ 

o(^ oPrvtAL ) s^uc- VT"0- 

Operational/ Sat ety (2.r&ao bA-or “OKTAv 

Rja^se^ r.ctd oocra n(^osJ6 Pu^citoos,, | 

Maintainability/ Rsoa^* wsiTCH a«tT^ i 

ta.PC-'i (iEKAtavJA.atjt C.e?U\iLS fc rao<2_ ; 

W^TCM FS^AlF-. 

Other 

liutur -mo- -cs«r Paovlistoo** 
iOMMAOpcTJ Ario & ta t'TO cu^C> ^ 

*Tdc. ■OAT A FULS. lOTgELPACS. . 


iczZ-ii 
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PMS COMPONENT CHARACTERISTIC DATA SHEET 
PART 8 — PERFORMANCE 


COMPONENT NAM= _ 5uj iToi qoE- ... C T> ^TAfVE. .") . _ 

FUNCTIONAL CHARACTERISTICS \ t>PTiT (. Ow - Of=P - 0*0 ') 

Povo^:«_ type : v/ ocrrA^e. D.c.. 

<ZA,r<kic •• Toujsns.^- (o>6id<j0 \j octane — n e io\J'bc- 

£YVTh>-4 kJ£J7\OpU *. \SoLArCi O M POoM TaA^SSAl VS * O /O 

T^U V.ers Toft CooviGt2Te*y ftEZjULATOR. MobuiEb Oc. VTSTTCKa'N 

P^ovj iSlOKJS, -To MO^ITOC. VJoUMi.e. A-*oO 

Cl0NAMft.WtJ^ -rr^Ki^ f^\”TTCTD \A At S>cT^_ l ArU T>f*tT A 


PERFORMANCE DEVELOPMENT PROJECTIONS 

CHARACTERISTIC 

STATE OF 
THE ART 

PMS 

REQUIREMENT 

ACHIEVE 3 LE 
CAPA3‘.LiTY 

Voltage Level 

SoosJ 

"7*8.0 vJt>C 

l crcrDN t»o 

Peak. Voltage 

5oe vJ 

l5oo 'JDO 

\ trw'J T> C- 

Current Capability 

4-o .0 A 

>3*1. AVt>CL. 

4-0 t>C_ 

Peak Lead 

lo <uO 

VO .O Vd-uQ 

4-0 VLoO 

Efficiency 

RR.2 *7o 

RR. X^o 

RR.'X^o 

Reliability 

O.R^S 

o. R4-4- 

5>oTA QIC- 

MTBF (Hours) 

V .<=1 iMO u 

l.E^VUO 4 * 

SOTa 

Peak Load Capability 

X© MtKl 

1 "2_. O V£.iaA 

SotA. O £— 

Operating Frequency 

o*- 

VW.f= c-v<ix<. <2 IS 

ova. 

Magnetic Field 

oic 

o.4t c*m *-\»vk. 

o<_ 

Regulation ,7r * 


UA 

M A. 

Transient Capability 

NO ArCCOOO^OCGt L or 

>*, -rue. v o n=>*or ot= 

NAM- -SCTTO - \^A-\ 

Stability 

♦o A 



Redundancy 

Acto*^APL.i^l4\£TO *rl 

Tt4£, n/t a-TO re. nag 

Dul& VC^EL- 

INTERFACE REQUIREMENTS ! 

PARAMETRIC ANALYSIS RESULTS 
UAtz-qe. Mocrt fZATtocj 
t k/\P*?-om TRo Q- PPC— 

OoCtPlJCT t ^7j>U.lO£TO . 

^.iPouAO. OR. RET Tt2A tsVilVTD (sj. 
(M.P(^0 \JBNa€VJT. 

1 

Control/ Monitor S.stxv*.u X >AT* H> u.s> _ um(ZSC> 

ort_ OP-D.C.M. < t vtp>- "TM^. ' 

Operational/Safety iz.rDauQAUT ■S-ecZtA.t^ "DKTA 
ftaises. '.wA.n.cpj oo tin PuPatooi, • 

Maintainability/ Repau* ^- Cvtw Su0rccw u-O I.T (p«L 
tapc.'i (s^vaom^cuc. t ts> coe. ; 

W\TCM 1Z&* . 

Other 

T^uLtur -MO- TBV POcsnJiLiO^S 
AOMM PtOpcti b vaODOfU^fc VJV A 

tiic TO AT A 1 UTEOFACE , 


3c :2 t: 
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PMS COMPONENT CHARACTERISTIC DATA-SHEET 
PART B — PERFORMANCE 

COMPONENT NAME S>uati;mCiCT.e. ( SouT) STH a Tg. 

FUNCTIONAL CHARACTERISTICS ~Fog.M •. t>PpT Cowj-qff-qm ^ 

PouQgt- ~VPE •. loco ^OLTAQe. t T)C-> 

*• 1 ? ouj£na.’»- (q.o^u) \io<JAGg. — USMtaO 

S VVT&m Pu,i>Jcrrvo»J •. OuttPuit ISouatip*^ TRom ‘biycg-VfSuTTioQ 

^>us>i.e?b t=ocl. Qo^nj (_ fegsu NAo^u.cESa C&c- ^yyre^A^ 

P^OvASlOtuS *To MQMiToC. UoqMi.e. <U3p g-U’E-qielOT . "^ArT^ ArOC^ 
C-Qka*^ ~T~f2-A.M ^ NA vTTt^TP V/V A, S-SKZ-lArl ^US. 


PERFORMANCE DEVELOPMENT PROJECTIONS 

CHARACTERISTIC 

STATE OF 
THE ART 

PMS 

REQUIREMENT . 

ACHIEVABLE 
CAP AEiLiTY 

Voltage Level 

Z*=>c> vj 

\ VJBC 

SjefTA. ©£. 

Peak. Voltage 

O*»ovi 

t-4-O V)DC_ 

VoT A 0*L 

Current Capability 

\‘2-o A 

St adc. 

ScJTA OKU 

Peak Load 

"io yr-t.o 

<o,o vo-i -O 

AoTA OL_ 

Efficiency 

R^.O^o 

RR.©*?o 

no»? 6 

Reliability 

0. RE.S 


SoTK Ot 

MTBF (Hours) 

V. R xto u 

0, S 1(10 «= 

ScsT A, O t_ 

Peak Load Capability 

"Lo l£o0 vO 

IT..O £-Uj 

SoTT As oC. 

Operating Frequency 

Otf- 

HAUf= Cvtu-e <2, is 

ova. 

Magnetic Field 

o 

0.4*7 M/V?t 


Regulation 

>0 Ps 

>o A. 

*sU As 

Transient Capability 

to aklc-cH-o uor 

rvA Tag. vvjt^tot ot= 


Stability 

►J A* 

Ni 

M4 

Redundancy 

PrCL.orw\Puv<;Hv=ro *il 

TlAc. MAOPrt NA opuu£ ^ C-T/E L— 

INTERFACE REQUIREMENTS ! 

PARAMETRIC ANALYSIS RESULTS 
ITAiTfe OTr -JUG. Afzrr 

ETce-eros. esocue^MeioTSi 

Control/ Monitor S<£t*aa»l_ T>Atc* _ l^ k (Zjsx> 

OIR. oPtlcAI. I^AVV.- v-rti- 1 

Opera tional/Satety u. o PrOf £-GTT2 j./\ t_^ “bKTA, 

^W4pAsO.?7D UJCTH A^rXosJb f=<JL^ CCtOO^ # 

Maintainability/ Resa^ <LuOtTCH umT(p*. ] 

rs.pc-'i (ievAovJ-^ttue. ^vot. a.e^'Ate t> t=©<2_ ; 
Wuem ac-^fvvp-. 

Other 

OU.ILT -mo- -CS^T POc\Jl^tQ«S 
^OMM ^.KaCS ^Ova\rc£50J6^ ^ As 

tUc. oata ivj-re^-P'AcEi . 


ie 52 -ii 
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COMPONENT NAM 



PMS COMPONENT CHARACTERISTIC DATA SHEE 
PART 8 — PERFORMANCE 


FUNCTIONAL CHARACTERISTICS ~Foeu •. L pm - oPF- o»o 

FouJEt. ~C-CP"S. : Uouj VJoOAfc^. , 3 > TAA^e. , f\C__ 


VO, oy^O \JoLT7ACe. — ' M PtC. fe-M S 


sVVTe** kJ ct\o^ •. oujtpwjt v^>ouA"Tt o*o F<2-o*^o 


"p>u^se^L npffz. viovj/ kao*du.uets 


PgQvASlQtQS T o MOMlToC. VJo CTCA-ae. «Mot5 CUxC^2iclO-T « '^Arr/S £mo 


V/\ At S'^.lArU \)^TA ^us. 


PERFORMANCE DEVELOPMENT PROJECTIONS 


CHARACTERISTIC 


Voltage Level 


Peak Voltage 


fficiency 


Reliability 


MTBF (Hours) 


Peak Load Capability 


Operating Frequency 


Magnetic Field 


Regulation r i 


Transient Capability 


Stability 


Redundancy 


STATE OF 
THE ART 


2.Uoo vJPV£- 


toCO N3t>\C- 


PMS 

REQUIREMENT 


\ ArC f^MS 


zoo\l PVC. 


achievable 

CAPASILiTY 




©>C- 


Current Capability 

‘XajtOtj AfM. P 

*5 0 A i^KS 

SOTA OiC. 

Peak Load 

£ 00 VL-uo 

to. 0 tl-uO 

Cota oe- 


9^,0 


o.q^s 


y-i o 


\b|iru-o Am/ 


o*-. 


o^ig 


0."&OXiO^ 


a*o v^o 


| VUuf= Ovext <2. IS 


SoT A, Ofc- 


S'XTPk CtL 


StfTA. OVL- 


o 


o<_ 


M A. 


>0^ IOA 


to ^r<LC-Crt-C5 At»0<-Gl. UO 


*0 A N-> ^ 


PrtcoMOu^Ueo At) TUc n/v re moLuv.£ 


Tde V OrT^JOT 0C=| Miu-lnn * 


M A 


INTERFACE REQUIREMENTS 

Control/ Monitor S^him. T>AftA _ uaifcsfc 

OO. OP-C'-C.Al_ NAtv,- VTtS- "CVP^. 

Operaiional/Satety IZ.STDu.o to A-or ■»Gf2j.A,(_ T5KTA, 
i^U.SSE'i. *»Wr*><t.CD oot-TW fAjt^CUOOV 


! PARAMETRIC ANALYSIS RESULTS 
STTACTS. OF TWt fiRCT 
■ EY-CG^b-S. ^^JE75u.\^eJOkG>0rrS, 


Maintainability/ Reoatr SuOVTCH OJO VT (OT, 

rz.pc.'i (ievAONJ-Attue. AA>ati f2_er?'-A^-e t> t=o^_ 

WVTgM f^g~T>PvtTZ- . 

Other _ 

<iu.tur -m^- *TB^r RaoUis, to ««» 

loMMAiaoe^ A»k» 6 *>*OVJ'rt©fu£0 njv A 

Ttic. T5ATTA 1 ViTSt?-S="ACe. . 
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PMS COMPONENT CHARACTERISTIC OATA SHEET 
PART B — PERFORMANCE 


COMPONENT NAME. 




FUNCTIONAL CHAPACTERIST 
PogODL TYPE •. 

’ICS For.m *. ©PD"T Cc>u- OFF-oro ^ 

Loua v/ owaqe. , 1>C 

CA.Tt» oc '. T’oujerja.t- S-o^-vJ \1ovjtagf — W'S.MDC— 

SY^TtM (=wk}£.-tvo*A \ Payv_oa.cs t&Ot_*-noiO T=LoM i>(LT<2.t(tU.TiOM 

iVSTCM Ct> C_ SVSTOA 'N 

P^ovitSiOkj s, *Co ^aomitoC. 'JocriMxe. o-*oo ^MxioT • i^Arr a £v*o 

Co.NAK/t A.<ot>S TRANiMtTreT) Vt A SEX2.1 Al_ DATA T5>UC 


PERFORMANCE DEVELOPMENT PROJECTIONS 

CHARACTERISTIC 

STATE OF 
THE ART 

PMS 

REQUIREMENT 

achievable 

CAP AElLiTY 

Voltage Level 

ZA&vJ 

IVSVJOC 

Serr^ oc 

Peak. Voltage 

l<iosl 

1 4o v)T)0 

SoTK ©IP- 

Current Capability 

tlo A 

4-4- at)C- 

Sere A. oc 

Peak Load 


£-aaJ 

Sofft o VC 

Efficiency 

V*. o «)» 


49,0^0 

Reliability 

O.^S7 

&. ^4-A- 

ScTTA O 

MTBF (Hours) 

*£-» o >u o b 

\ i <=>?i>ya o 10 

o vri. 

Peak Load Capability 

*So IUO kmkS 

Cd. o VLv-O 

SoTA ©*L. 

Operating Frequency 

ok- 

(2. is V<-H^ 

ot. 

Magnetic Field 


o.4"T Cawsv 

OK- 

Regulation *5» 

VOPs 

JO A. 

M A, 

Transient Capability 

l O ^CtOfi-CX^OCG. LOC 

>4 -rue. t*o-r^ioT or= 


Stability 

KJ A 

N-i 

MA 

Redundancy 

Prtto^APut^H^rO «VC 

Tt^e. ^yl^ure^e na o 

OulG. utjel 

INTERFACE REQUIREMENTS 

! PARAMETRIC AN/ 

iLYSIS RESULTS 


Control/ Monitor s,STLt.*,v_ Ti/VTA, <\u.s _ uaiaso 

OR. Of>X'.C.A.|_ IOUV.-STO - VVi\ t^Te 


Operational/ Safety iz.^u.o ta^or 4^u -DKTA 
r^asses. «»wAa.crD >-o crw Puwctioci, 


Maintainability/ Repair *^ vTcH 0.0 O' CP*. 

tZ.PC.'i U -Mice. Ar*at> T2_erP'— p> 

W^TgM a€T>A.vTa. . 


Other 

iiu.\ur -uo* T&vr PoqnJ^vo^^ 

dOMM^oe^) ^srfo & ^OViv.'TOCU^ VJV Ai 

Tvlc. '©ATA fiUi I ViTSR^ACE. . 


ST ATT £ OF TlAG. AW 
EXCEEDS. t&ZZ£> U 02 £.^A€\ 3 T^ 
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PMS COMPONENT CHARACTERISTIC OATA SHEET 
PART B — PERFORMANCE 


COMPONENT NAME 

2)00 \~TZCM 

C So-utr) Srr^frE. ") 

»- 1 


Foeu 


FUNCTIONAL CHARACTERISTICS 

Poiogt- tvpg. : Loio \JoLrr^.Cie. 


1>PT>T Com- OFF-O to^ 


ftp y Z PvA^>e 


g *.ri m < 


~Pou_)S7T2. <9,0 |£<jO \jotJA6&. — • \l Are— 


SVST&m ^u.»Jg.Tvo»o 'So <.&rrt qO 'Fra.otA. *bt$ AC-— 


*t>i vrfci<Su.TioO c^v^s sv^~nrvA 


C~E>C_ SW^T€.M>) 


PqovJvStQtJ^ To ^OMITOC. Uo t_nr>MU.e. tuaD Q-M'g-pJcMT • *^ArT^ gMOQ, 
Oqn>\>w< CwktqS T t^M^. rsA\~TTt!TT? VA At S-^ 2 .lArl. ’frAT’A F>U*. 


PERFORMANCE DEVELOPMENT PROJECTIONS 

CHARACTERISTIC 

state of 

THE ART 

PMS 

REQUIREMENT 

■Hdayffian 

Voltage Level 

2-t»oo 

V VC, \J A<- TZ-HAS 

Sen A c>¥- 

Peak. Voltage 

Zfooo vi Fit- 

lOO n/ 

sere A 0>£. 

Current Capability 


7.S ^ aMs 

S»crrA ©v*l 

Peak Load 

St»© W^O 

S, o v^vO 

ScSTA ova. 

Efficiency 

*IR.o *7o 

RR.O ®lo 

9*?. O 

Reliability 

o.q<=,i 

o.q44- 

S.O-T A OC_ 

MT3F (Hours) 

•Z..O xtO 

i* y.io fa 

S err a o ice. 

Peak Load Capability 

lO,or>-o A#oiC 

(d-o \<-v*J 

SoTA OIL 

Operating Frequency 

o*_ 

VUup: C-tHix* <& IS 
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PART I 


SOLAR ARRAY POWER LOSS TO 
THE IONOSPHERE 

ABSTRACT 

We investigated the interaction of high-voltage solar arrays (HVSAs) with 
the ionospheric plasma encountered in low-earth orbit (LEO). First, an 
analytical model was used to estimate the power loss of an HVSA to the 
ionosphere through the collection of plasma currents assuming array 
surfaces of high electrical conductivity and a linear voltage gradient 
across the length of the array. Then, a more detailed computer model 
was used that included the effects of insulated surfaces and secondary 
electron emission. For comparison, a computer calculation of the 
analytical model, including insulation effects, was also performed. 

These computer models were developed as part of General Dynamics 
IRAD 111-2209-202, "Power Systems for Large Spacecraft. " Considera- 
tion was given to some of the insulation effects found by other investi- 
gators in laboratory experiments. 

Power loss calculations of the analytical and computer models were 
compared for a 1200V HVSA with conducting surfaces at LEO altitudes 
between 200 km and 1000 km. Lower power loss estimates of about 1.6 
percent of payload power requirement (250 kw) by the analytical model 
with insulation were attributed to neglect of secondary electron emission 
and edge effects. Parametric studies of solar array power losses versus 
altitude, operating voltage, and insulation covering were performed with 
the computer model. Peak power loss of 2. 2 percent for a 1200V HVSA 
occurs at about 300 km altitude, and falls sharply for higher and lower 
altitudes. Power losses are found to increase nonlinear ly with voltage, 
but decrease as the fractional area covered by insulation increases. 
However, complications arise from the use of insulation in the form of 
increased frequency of electrical discharges and current collection 
through insulation perforations. 

We recommend that further experimental and theoretical work be done 
to understand the mechanism responsible for electrical discharge of 
HVSA surfaces that are exposed to the space plasma. An important 
measurement is the secondary electron emission coefficient by 0 + ion 
impact on solar array materials. Finally we recommend a theoretical 
calculation of the wake behind the solar array to explore possible focus- 
ing of plasma currents on to the array. 
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SECTION 1 

INTRODUCTION AND SUMMARY 


1. 1 INTRODUCTION 

Use of high-voltage solar arrays in large-space power platforms could effect sub- 
stantial cost savings and reduced payload weights. Space platform transmission 
lines, electromagnetic machinery, and power converters can be made lighter at 
higher voltages. 

The potential difference developed along the array, however, cannot be increased 
indefinitely because the charged particle flux from the ionospheric plasma to 
the array can serve as a power leakage path. If the power loss is to be a 
small fraction of the generated power (about 100 watt/m^), then the maximum 
voltage of the array with respect to the plasma will be limited. A straight- 
forward method for reducing the surface field by electrical insulation can be 
used at the expense of added spacecraft weight. 

1.2 SUMMARY 

In our investigation, we estimate power loss from a high-voltage solar array to the 
plasma by first assuming the array is a bare conductor. Complications that arise 
from the addition of an insulating surface will be reviewed in Section 2, where labora- 
tory experiments on electrical wiring are discussed. In Section 3, we present the 
analytical model for power loss that is applicable to low-earth orbits (LEOs) between 
200 km and 1000 km. Consideration of the array as a bare conductor is believed to 
represent the conditions of maximum power loss to the plasma environment. A more 
detailed computational model capable of treating both conductor and insulator surfaces 
is given in Section 4. A comparison of computational model predictions to experi- 
mental results and the simpler analytical model is given in Section 5. A parametric 
analysis of solar array power loss versus voltage is carried out and the effect of partial 
array coverage by insulation is also studied. Section 6 considers areas such as 
arcing, secondary emission, and wake effects that require further study. Conclusions 
reached in this study and recommendations for future work are given in Section 7. 


1-1 

A2-1 


SECTION 2 


EXPERIMENTAL DATA 

Laboratory experiments on the interaction of plasma with material surfaces used 
in spacecraft have been conducted by several groups. Experiments relevant to our 
effort have been conducted at NASA - Lewis Research Center (LeRC), NASA - Johnson 
Space Center (JSC), and the Boeing Company. We will give a brief summary of the 
current collection and electrical arcing phenomena observed by the experimenters. 

2. 1 LeRC EXPERIMENTS 

The NASA - LeRC group (Reference 1) exposed a stainless steel disc, a similar disc 
mounted on Kapton, and a solar array segment to a 1.0 eV nitrogen plasma. Positive 
and negative voltages relative to the plasma were applied to each target system. 

Current collection by the plain steel disc for bias voltages up to ±1.0 kV was consistent 
with theoretical predictions. Essentially the same current-voltage characteristic was 
observed for the disc-on- Kapton system when the voltage bias was negative, but sig- 
nificant differences occurred with positive bias. Below +100 V, the Kapton insulation 
assumes a slightly negative (-6 V) potential relative to the plasma. Electron collection 
by the disc is slightly reduced from the plain disc value by the overlap of the Kapton 
field at the disc edge. Above +100 V, the disc electric field appeared to expand over 
the Kapton surface until, at sufficiently high bias voltage, the entire Kapton surface 
area collected current. Consequently, current collection at high positive bias greatly 
exceeds the values for the plain steel disc. A theoretical description of this inter- 
action has not yet been formulated. 

Interaction of nitrogen plasma with the solar array segment produced large variations 
of current collection with positive bias and arcing at high negative voltage. As with 
the disc-on-Kapton system, current suppression is observed for positive voltage less 
than +100 V and the enhanced area collection is fully effective above +200 V. At low 
positive potential, the cover slides restrict current collection to the interconnects. 

As the array potential is increased, the slide potential rises toward the interconnect 
values to allow the plasma sheaths about the interconnects to expand over the cover 
slides. 

For negative voltage bias, the current-voltage characteristic of the interconnect area 
resembles the plain disc up to a potential where arcing occurs. The negative voltage 
required to trigger arcing appears to increase as the plasma density is decreased. 
Electric fields, as in the disc-on-Kapton system, are mostly confined to the inter- 
connect region up to the discharge potential. Reliable prediction for the onset of 
arcing is not presently possible. 
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2. 2 JSC EXPERIMENTS 


The NASA - JSC group (Reference 2) exposed al.Omby 10 m panel in a large vacuum 
chamber to an argon plasma with 15-25 eV flow energy and 0. 5-2 eV electron tempera- 
ture. One square meter of the panel consisted of solar cells and the remaining area was 
covered by a conductive plastic that could support 4 kV along its length. Test of this 
large panel under conditions that simulated a high-voltage solar array in LEO was 
another step toward the development of scaling relationships that can be extrapolated 
to large space systems. Although current collection may- submit to scaling, arcing 
seems independent of overall size. 

Three electrical configurations for the panel were used in fee experiments: a linear 
voltage drop along the panel in a floating configuration that approximates the situation 
in space; one end connected to the chamber wall, the other end to a high-voltage supply; 
and operation of the entire panel at a constant high-voltage. We are most interested in 
the results obtained from fee floating configuration. 

Consistent with theory (see Section 3), the electrically floating panel was observed to 
operate about 3 percent positive and 97 percent negative relative to fee plasma potential. 
Power loss to fee plasma was about 5.6 percent at an operating voltage of 4000 V. 

Arcing was observed at frequent intervals in fee experiments. Some areas were small 
but others resulted in the complete discharge of the panel. Arcs originated on insula- 
tor surfaces only when voltages were above +400 V and below -1000 V. Contrary to 
the LeRC group's finding, the voltage for arcing fluctuated widely from day to day, 
with similar plasma densities. 

2.3 BOEING EXPERIMENTS 

High-voltage solar array experiments were conducted at Boeing (Reference 3) in 1973 
to investigate plasma current collection, arcing, and dielectric properties. These 
experiments used plain samples of dielectric materials, biased metal plates covered 
by insulation with pinholes, and biased solar array segments. Many of fee findings 
at Boeing are consistent with fee later work of LeRC and JSC summarized above. 

The most significant finding was the large electron current that can be collected through 
a pinhole in the insulation over an electrode that is biased positively relative to the 
plasma. Similar to the disc-on- Kapton experiment at LeRC, fee insulation area about 
the pinhole becomes increasingly effective for current collection above +100 V. The 
spread of the electric field from the pinhole over the surrounding insulation is be- 
lieved to collect current along the insulator surface. Damage to Kapton insulation 
occurred at power levels between 0. 5 W and 5 W per pinhole. 
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Solar panels segments biased positive relative to the plasma collected the bulk of the 
plasma currents at the interconnects. Covering the interconnects with insulation 
greatly reduced the current, but the expense for insulation was high. Any break in 
die insulation or development of a pinhole negated the effect of insulation. Negative 
biased solar array segments experienced frequent arcing below -400 V at the inter- 
connect locations. Insulation of the interconnects was found to reduce arcing. 

2. 4 SUMMARY OF FINDINGS 

High-voltage conductors exposed to plasma appear to collect currents proportionate 
to their surface area. Plasma current collection can be substantially reduced by 
completely covering a high-voltage conductor with insulation. However, if a pinhole 
or crack develops in the insulation, then the effect of the insulation is essentially 
defeated. If the underlying conductor has a high positive potential relative to the 
plasma, the entire insulated area appears to collect and redirect electrons toward the 
pinhole. If the underlying conductor is at a high negative potential relative to the 
plasma, electrical discharges occur that disrupt the voltage distribution and often 
damage the insulation. 
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SECTION 3 


ANALYTICAL MODEL 

3. 1 PHYSICAL PHENOMENA 

The computation of power leakage should consider (1) the flow of thermal ions and 
electrons to the array, (2) the ion ram current arising from satellite motion, (3) the 
charge particle flow to the array due to satellite wake effects or accumulated charge, 

(4) the photoelectron emission by the solar flux, (5) secondary electron emission, and 
(6) the effect of fee geomagnetic field on electron flow. The geomagnetic field greatly 
reduces fee transport of electrons normal to fee field direction and is also responsible 
for the development of a potential gradient along the array as the satellite traverses 
the field. The latter phenomena is known as the vxB effect, where v is the satellite 
velocity and B is the geomagnetic field. We do not consider depreciation of solar 
cell capacity due to excess current. 

The most important charging mechanisms are the collection of electrons, the collec- 
tion of ions, and secondary electron emission. Ion collection is dominated by the ram 
component below 2000 km orbital altitude but wake effects should also be considered. 

The large sheath structure formed plus the potential gradients in the wake could 
significantly modify ion collection. Since photo- electron production becomes impor- 
tant above a 1000 km altitude, we did not incorporate it in our LEO model. Con- 
sideration of fee v x B effect was also omitted because the magnitude of the potential 
gradient developed is about 1 percent of gradient along the array. 

The contribution of electrons from secondary emission by ion impact is included in the 
computational model (see Section 4) but is omitted in the analytical model for simplicity. 
Current contribution by secondaries is usually a few percent. Secondary emission by 
electron impact on the (high) positive potential surfaces is not modeled. Modeling 
of secondary electron emission from surface area of low positive potential (with res- 
pect to the plasma) could be quite complex, since only a fraction of the emitted 
electrons will be reabsorbed. In this case, knowledge of the secondary electron 
distribution in energy and angle is required. Fortunately, we can sidestep this com- 
plication since the fraction of array area near the plasma potential is negligibly small. 

3.2 LEO ENVIRONMENT 

The characteristics of the ionosphere between 200 km and 1000 km varies with altitude, 
geographic location, time of day, season of fee year, and sunspot cycle. Any statement 
of the ionospheric properties must be considered to be indicative and not definitive be- 
cause of fee wide variations in the measured properties. 

In Table 3-1 we list, at selected altitudes, the magnitudes of electron density, electron 
temperature, and ion temperature characteristic of the ionosphere during the day at 
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maximum solar sunspot cycle. Use of these values should provide an estimate for 
the maximum power loss as a function of altitude since the electron densities are max- 
imum under these conditions. The very maximum power loss, of course, is expected 
near 300 km altitude. 


Table 3-1. Daytime Ionospheric Conditions at Maximum Sunspot Activity 


(Reference NASA SP-8049) 



Electron 

Ion 

Satellite 

Altitude 

Electron 

Temperature 

Temperature 

Velocity 

(km) 

Density (m -3 )* 

(eV) 

(eV) 

(m/sec)* 

200 

4.5 (11) 

0.075 

0. 060 

7.80 (3) 

250 

9.0 (11) 

0.140 

0. 063 

7.78 (3) 

300 

2.0 (12) 

0.190 

0.069 

7.74 (3) 

350 

1.8 (12) 

0.205 

0. 078 

7.71 (3) 

400 

1.5 (12) 

0.215 

0.083 

7.68 (3) 

500 

1.1 (12) 

0.230 

0.115 

7.63 (3) 

600 

6.8 (11) 

0.245 

0.155 

7.57 (3) 

700 

4.0 (11) 

0.255 

0.210 

7.52 (3) 

800 

2.8 (11) 

0.265 

0.241 

7.47 (3) 

900 

1.9 (11) 

0.272 

0. 259 

7.42 (3) 

1000 

1.2 (11) 

0.282 

0. 282 

7.36 (3) 


^Numbers in parentheses represent powers of 10. 


3.3 PHYSICAL MODEL 

The equilibium state of the solar array with the plasma is reached when the net electri- 
cal current to the array is zero. That is, JjA_ = -J e A + where Jj is the ion current density, 
J e the electron current density, A_ the negative potential area, and A + the positive po- 
tential area. The array floats with respect to the plasma with some voltage distribution 
fixed by the solar cells. Since the electron current density is usually 10 to 100 times 
the ion current density, the floating negative voltage area of the array is expected to be 
10 to 100 times the positive voltage area. The array under consideration here will 
assume a constant voltage gradient along the length of the array and uniform potential 
normal to the length. Figure 3-1 is a qualitative illustration of a solar array with a 
linear voltage distribution and the expected current leakage variation. 

If the current collecting surface is flat and has dimensions large compared to the thick- 
ness of the plasma sheath formed, then the ion current density and electron current 
density are nearly uniform over the negative and positive portions of the array, respec- 
tively. The portion of the array near space potential is subject to large changes in 
current density. However, the region is limited to an area with potential ±5 times the 
electron thermal potential (kT e /e). For 2 cm solar cells that develop 0. 5 V, the dimen- 
sion of rapid change in current density is about 40 cm for a 1.0 eV electron temperature. 
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The sheath structure about a solar array in Low Earth Orbit (LEO) is schematically 
illustrated in Figure 3-2 with the satellite velocity v Q normal to plane array. A wake 
is formed behind the negative portion of the array as the ambient ions stream around 
the panel. Ions of the positive ion sheath are primarily supplied by the ram motion of 


Figure 3-1. Distribution of Electron and Ion Current Densities Along a Floating Solar 
Array. y Q is at Plasma Potential for an Array with a Linear Voltage 
Gradient 




Figure 3-2. 


ELECTRON SHEATH ION SHEATH 653124-3 

Electron (A-A) and Ion (B-B) Sheath Cross Sections about a Solar Array 
Moving at Velocity v Q 
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the satellite since the mean thermal ion velocity <vj> is much less than the satellite 
velocity. Electrons are simply repelled by the negative potential. The electron sheath 
structure about the positive portion of the array is not expected to exhibit much of a 
wake because the mean electron thermal velocity <v e > is much greater than the satellite 
velocity. Here, the ions are repelled by the positive potential. Consequently, the 
electron sheath thickness is governed by the array potential and the electron thermal 
current. 

If the length and width of the flat current collection surface are large compared to the 
thickness of the potential sheath, a space charge-limited current will flow from the 
plasma to the solar array. Edges of the solar array, which have a characteristic 
dimension determined by the thickness of the array (about 0.5 cm), will form half- 
cylindrical sheaths. Ignoring edge effects we can compute the sheath thickness, d, 
from the Langmiur-Child expression for the plasma diode current density (Reference 4): 



where V is the potential with respect to the plasma, m is the particle mass, e is the 
charge on an electron, and e Q = 8. 85 x 10" 12 F/m 2 . The sheath thickness can be 
found from Eq 3-1 as 

1. 53 x 10~ 3 |v e | 374 J e ~ 1//2 

d = (3-2 

2. 36 x 10~ 4 M“ 1//4 |Vi| 3/74 Ji _1//2 for ions 

once J e or Jj is obtained. The ion mass number is given by M. 

The max imum value (or saturation value) for J e available from the plasma edge of the 
sheath is the thermal current 

/ kT e 

J e = 1/4 ne <v e > = nel 

\27rm e 



where n is the electron (or ion density) in the plasma, T g is the electron temperature, 
and k = 1. 38 x 10 -23 J/K. Ion current density on one side of the solar array is dominated 
by the ram current 

Jj = ne v Q cos a; 0<a<90° (3-4) 
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where v 0 is the satellite velocity and a is the angle between the satellite velocity and 
the surface normal. On the wake side of the array, the ion current density decreases 
to 


J. = max 


ne 


kTj 

2rrmi 


1/2 


1/2 ne 



1/2 


T i>T e 


Ti < T e 


(3-5) 


However, when an ion wake is present the planar sheath Eq 3-2 does not apply on the 
wake side. But this is of little consequence because most of the ion current is incident 
on the front surface. 


If the satellite velocity is assumed normal to the array, Eqs 3-2 through 3-4 can be 
used to estimate the sheath thickness using the reasonable values v Q = 10^ m/sec, 

V e = 1. 0 kV, Vj = -10 kV, M = 16, and the plasma properties given in Table 3-1. 
Computed sheath thicknesses, which are listed in Table 3-2 with the saturation current 
densities, show the planar approximation has a high degree of validity up to 600 km 
altitude provided the smaller dimension of the array exceeds about 38 meters. The 
General Dynamics Convair Power Management System (PMS) arrays, with proposed 
40 m by 48 m dimensions and expected maximum potentials of V e ~ 100 V and Vj ~ 
1100 V, may validly use the planar approximation to 1000 km since d e «4.0m and 
dj w 6. 0 m there. 

Table 3-2. Electron Current Densities, Ion Current Densities, and 
Sheath Thicknesses (see text for voltage conditions) 


Altitude (km) 

J e (A/m 2 )* 

d e (m) 

Jj (A/m 2 )* 

dj (m) 

200 

3.3 (-3) 

4.7 

7. 2 (-4) 

4.4 

300 

2.3 (-2) 

1.8 

3.2 (-3) 

2. 1 

600 

7.9 (-3) 

3.0 

9.6 (-4) 

3. 8 

1000 

1.6 (-4) 

22.0 

1. 8 (-5) 

28.0 


*Numbers in parentheses represent powers of 10. 


Other factors that can affect the power loss to the plasma at higher altitudes are of 
lesser importance in LEO altitudes. Current contribution through photoelectron 
emission is usually neglible below 1000 km, but secondary electron emission may 
contribute over 20 percent of the saturation current density at higher voltages. 
Secondary emission will be included in the computational model presented in 
Section 4. 
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Modification of the ion current by the geomagnetic field is also neglible since the ion 
gyro radius is large compared to the dimensions of the array. However, the geo- 
magnetic field can decrease the electron current collected by one-half when the 
field is oriented parallel to the array surface. The time-averaged effect of the 
magnetic field will be considerably less than this because of the changing orienta- 
tion of the array to the field through orbital motion. Magnetic field effects will not 
be included in our model. 


3. 4 POWER LOSS 


A first estimate for power loss from the array to the plasma can be computed analyti- 
cally provided the assumption of a thin plane sheath holds. If we consider the array 
to be a good electrical conductor free of any insulator surfaces, we should approximate 
the upper limit for power loss when the satellite velocity is normal to the array surface. 
Application of insulation material to high-voltage elements (provided arcing can be 
controlled) should lower the overall power loss to the plasma. The average power 
leakage <P> per unit area A (that is A + + A_) of the solar array can be written as 


<p> = if; 

A L J 


y 0 

dy J e (y) V(y) +-£- 


Jj(y) V(y) 


<P e > + <Pi> 


- xt_e 


(3-6) 


(3-7) 


where y Q is the location on the panel that is at plasma potential (see Figure 3-1), y is 
the distance from the positive potential end of the array, V(y) is the potential at posi- 
tion y, J e (y) is the net current density collected on positive portion of array (mainly 
electrons) at y, Jj(y) is the net current density collected on the negative portion of the 
array (mainly ions), and L is the length of the array. The current densities are (front 
and back): 

J e (y) = ~nev 0 + 1/2 ne <v e > ; 0< y <y Q (3-8) 

Ji(y) = -nev 0 + 1/2 ne <v e > exp 


ae 

kT, 


(y - y Q ) 


y Q < y < L 


(3-9) 


and the linear potential variation chosen is 
V(y) = -a (y - y Q ) ; a > 0, 0<y<L. 


(3-10) 
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Substitution of Eqs 3-8 and 3-9 into Eq 3-6 and carrying out the indicated integrations 
produces the desired power leakage expressions 


<Pe> = nea y 2 (< >/2 , 


2L 


(3-11) 


and 


7^-isr | v ° (L ‘ y ° )2 + <Ve>J ^ (L ' ■ y o ) exp [ ■ - (L ' y o* ] 

- <v e >(^#-) (l - exp [- (L - y 0 )]j| 


which reduces to 


<p. >_ nea 
A 2L"" 


r o < L - y Q ) 2 - 


(3-12) 


(3-13) 


since the argument of the exponent is large. 

Equation 3-11 represents the areal power loss due to electron collection minus the 
power gain due to ion collection on the positive portion of the array. Equation 3-13 
gives the areal power loss due to ion collection on the negative portion of the array 
minus the power gain from electron collection over a small region near y 0 where the 
potential reverses. 

In order to compute the power leakage we must first determine the value of y Q . Re- 
calling that the total current to the array must be zero at equilibrium, we can write 


J e A + + J- A_ = 0 


or 


*/ 


dy J P (y) + 


o 


t ( dy J i 

Jy„ 


(y) = 0 


(3-14) 


(3-15) 


Carrying out the indicated integration produces a transcendental equation in y 


k-T 

V 0 L - 1/2 <v e > y c - 1/2 <v e >4^ 


1 - ex P [-|r e < L - v] 


= 0 


(3-16) 
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For LEO the exponential term is extremely small, consequently a good approximation 
is 


Zo = iZo_ - (3 - 17) 

L <v e > ae L 

where the second term may also be neglected when the product aL»l. For the 
arrays under consideration, the inequality is usually satisfied. 

The max imum voltage (or length) for a solar array that is formed solely with con- 
ducting surfaces is limited by the power production capability of the array; i. e. , 
approximately 100 W/rn . An estimate of the maximum voltage (without use of 
insulation) can be found from the inequalities 

-J. V(L) < 100 and J e V(0) < 100 (3-18) 

for the negative or positive ends of the array. At the peak of the F-region of the 
ionosphere (300 km) we find, with the aid of Table 3-1, the voltage maximums 

V(L) > -31 kV and V(0) < 2.2 kV (3-19) 

which correspond to L < 1.25 km when a voltage gradient a = 25 V/m is used. In 
practice, the likely requirement to limit power loss below 100 W/m at the array ends 
would proportionately reduce the allowed maximum voltage and length of the array. 
Alternatively, a dielectric covering might be used to insulate the high voltage from 
the plasma. 

The highest voltage expected in the General Dynamics Convair PMS is limited by the 
48 m array length. At 300 km and a = 25 V/m, we find V(L) = -1116 V and V(0) = 

84 V ass uming conducting surfaces only. This corresponds to less than 4 W/m 2 
power loss at each end. Total power leakage to the plasma, given by the sum of 
Eqs 3-11 and 3-13, is 5. 7 kW or 2. 2 percent of the 250 kW system at an altitude of 
300 km during solar maximum conditions. Total power loss computed includes 
both arrays, each with dimensions 40 m by 48 m. Insulation should reduce these 
losses further. At higher or lower orbital altitudes, the array will experience lower 
power losses. For example, we expect the power loss at 1000 km to decrease by a 
factor of 17 from the amount at 300 km. 
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SECTION 4 


DESCRIPTION OF COMPUTER MODEL 

To estimate the effects of insulation and the variation of power loss with array voltage 
and altitude, a flexible computer code was used to perform the power loss calculation. 
This code, called SPACE, was developed as part of the space power system IRAD, 
and includes consideration of secondary electron emission. Currently, the code is 
designed for altitudes between 200 and 1000 km where photoelectron emission is 
unimportant. 

4.1 COMPUTATIONAL MODEL 

The solar panel is modeled in the current version of SPACE as a series of 2 cm cells 
with 0.5 V across each of them. Cells are arranged in the array so that voltage 
increases in only one dimension to produce a voltage gradient of 25 V/m. For voltages 
positive relative to the plasma, the current and power loss are calculated by summing 
the contribution from strips 2 cm by W, where W is the array width. Each strip along 
the array has a voltage V n where n is the position index. For voltages below the plasma 
potential, the strip sizes are increased to 20 cm by W since the ion contribution to the 
power loss per unit area is much less than the electron contribution. The last strip, 
which is usually less than 20 cm across, is divided into 2 cm segments. 

The program selects a position on the array, the cross-over point, at which the 
voltage relative to the plasma is zero (i. e. , the ion current equal to the electron 
current), and then calculates currents collected on all the strips. If the ion current 
does not equal the electron current, a new cross-over point is determined and the 
currents are recomputed. This procedure is repeated until the ion and electron 
currents are within a specified tolerance (say 5%), at which time the code computes 
power loss for the entire array. 

4. 2 TREATMENT OF PLASMA SHEATH 

The code has been constructed to treat solar array panels when the plasma sheath 
thickness is small compared to array dimensions. The model employed assumes that 
a flat sheath covers the 2 cm by W area strips with 2-cm-long half cylinders around 
the edges of die W dimension. Current to each strip is computed from a calculation of 
the sheath structure appropriate to the voltage of each strip. The radius r n of the n th 
cylindrical edge sheath is computed using the Langmiur solution for the current of a 
cylindrical diode. Reference 4 (compare Eq 3-2), 
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(4-1) 


r n = 


Z/2 /{ a/j e );V n >0 

3/ yJ a/3 2 J. M) ; V n < 0. 

Here M, J e , and J. are defined as in Eqs 3-2 through 3-5. V n is the voltage of the n 1 
strip, a is the radius of a cylinder with the same surface area as the strip edge, and 
P Is given by an infinite series. In this calculation, p was approximated by the first 
four terms of the series (Reference 4): 


2. 34 x 10" 6 

V 


n 

5.45 x 10~ 8 

v n 


th 


g » b -4 2 + iL b 3 - — b 4 

5 120 3300 


(4-2) 


where 

b = In (a/r n ) 


(4-3) 


This expression for p results in the use of a sheath radius somewhat smaller than 
that given by the exact value of p. However, in the worst case of very large sheaths, 
the sheath radius is only underestimated by 20 percent. 


Orbit calculations are usually required to properly determine surface currents when 
large sheaths are present, since only part of the current entering the sheath is collected. 
If the impact parameter 


p = a 1+ |ev| / kT] 1/2 


(4-4) 


is smaller than the sheath radius, the normal practice is to replace the sheath radius 
with p. In the code used, this procedure is inadequate. 


To understand the difficulty, consider the particle orbits in Figure 4-1. In orbit A, 
the incident particle has an impact parameter at infinity less than p, and thus strikes 
the surface. But a particle in orbit B has an impact parameter at infinity greater than 
p, so it misses the collecting surface even though it passes through the sheath. Note, 
however, orbit C. Even though its impact parameter is greater than p, it still strikes 
the collecting surface. All particles in C orbits will be collected since those orbits 
hit the array. Thus, substitution of p for the sheath radius will underestimate the 
collected current because half the incident particles have orbits that pass to the array 
side of the half-cylinder sheath on the edge. Consequently, current collected includes 
particles with impact parameters less than p plus half the incident particles that pass 
through the sheath with impact parameters greater than p. 
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Figure 4-1. Types of Charged Particle Orbits Near Solar Array Edge 
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4. 3 EFFECTS OF INSULATION 

The code uses a straightforward method to calculate power loss from a solar array 
when part of the surface is covered with insulating material. Experiments (see Section 
2, references 1 and 2, ) find that, for V < 0, the current collected is proportional to 
the exposed conductor area. The same holds true when 0 > V > 200 V, but dramatic 
current increases occur as the voltage rises above 200 V until the collected current 
becomes proportional to the total surface area, conductor plus insulator. 

For array voltages negative relative to plasma potential, the code assumes that only 
conductor surfaces collect current. In the calculation of the sheaths, it has been found 
(Reference 5) appropriate to replace eV for V where e is the ratio of conductor surface 
area to total surface area. For positive array voltages, the code assumes the entire 
surface is a conductor. 

The last assumption for positive surfaces differs from that of other investigators 
(Reference 6). They assume the conductor area alone collects current for V < 200 V 
whereas the entire surface is allowed to collect current at higher voltages. In addition, 
the sheath is computed as if the surface voltage was reduced by 50 V. These model 
refinements have negligible effect on the power loss computation for high voltage solar 
arrays. 

4.4 SECONDARY EMISSION 

The preponderant ion species at low earth orbit altitudes is 0 + . Experiments have not 
yet been conducted to determine secondary electron emission coefficients for 0 + on 
solar array materials. Available data (Reference 7) for 0 + on Mo has been fit by a 
power law between 200 eV and 8 keV as 

7=0.179E 0,8 (4-5) 

where 7 is the secondary electron emission coefficient and E is the ion energy in keV. 

Eq 4-5 is used in the code to provide a first estimate for the effect of secondary 
electron emission on solar array power loss. 

The secondary emission coefficient used reaches unity at about 9 keV. Calculated 
power losses from surfaces that accelerate 0 + to this voltage will be twice the value 
found if secondary emission were not included. The need for good values of 0 + secondary 
electron emission coefficients on solar array materials is evident. 
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SECTION 5 


RESULTS OF ANALYSIS 

5. 1 COMPARISON OF ANALYTIC AND COMPUTER MODELS 

Power loss for the 40 m by 48 m proposed General Dynamics Convair solar array 
panel was calculated by the computer code SPACE. First the computation was made 
assuming a panel with conducting surfaces alone without secondary electron emission, 
and computed again with the effects of secondary emission included. Without secon- 
dary emission, the SPACE code prediction for power loss exceeded the analytical 
model of Section 3 with insulation effects considered by about 10 percent for most alti- 
tudes between 250 km and 1000 km. Since all the conditions and plasma properties 
were the same (see Section 3), the increased power loss found by SPACE is attributed 
to the cylindrical sheath structure used to account for edge effects. Inclusion of secon- 
dary electron emission increases the computed power loss by an additional 6 percent. 

5.2 JSC EXPERIMENT 

The SPACE code was used to model the floating panel experiment conducted by the 
NASA - JSC group (Reference 2). Midrange values for the argon plasma temperature 
and flow velocity were employed. We calculated a 62 W power loss to the plasma 
when the operating voltage was 4000 V, which is about 11 percent higher than the 
measured 56 W loss. In view of the large uncertainties of the plasma properties, 
the computed power loss may be considered consistent with the experimental value. 

5.3 PARAMETER STUDIES 

Parametric calculations of power loss were performed for a solar array panel with 

o 

1920 m area, a 25 V/m voltage gradient along one dimension, and 0. 5 cm panel 
thickness. Power loss was calculated over the altitude range 200 km to 1000 km 
and over an operating voltage range of 300 V to 3000 V using the daytime plasma 
conditions given in Table 3-1. In the voltage variation study, the total area remains 
constant as the length and width dimensions change to accommodate the changing 
operating voltage developed by the fixed voltage gradient. 

Figure 5-1 is a plot of array power loss to the ambient plasma as a function of altitude. 
The array surface that receives the ion ram current is designated as the front surface 
by convention. Three different percentage coverings by insulation illustrate the 
decreasing power loss with diminishing conductor surface. The front-back conductor 
surfaces exposed are 90% - 10%, 60% - 10%, and 30% - 10%. Secondary electron 
emission is not included in these calculations. 
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Figure 5-1. Solar Array Power Loss with Altitude: Three Different Fractional 
Areas of Conductors 
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In Figure 5-2, the power loss is plotted as a function of array operating voltage. The 
results are given for 300 km and 600 km altitude, with and without the secondary 
electron emission. Secondary emission appears to increase in importance with in- 
creasing voltage. We must remember that the secondary emission coefficient used 
is for 0 + on a clean Mo surface. The correct magnitude of the coefficient for O on 
actual solar array materials may be quite different. 

Power loss to the plasma is plotted in Figure 5-3 as a function of altitude for the solar 
panel to show the effects of secondary emission. Secondary electron emission produces 
an incremental power loss of about 6 percent for most altitudes shown when the panel 
is operated at 1200 V. Maximum power loss is less than 2. 3 percent of the generated 
power at 300 km, decreasing with altitude to below 0.2 percent at 1000 km. As shown 
in Figure 5-1, these losses may be reduced further by appropriate use of insulation. 
Recall, that these power losses represent a worst case; namely, we assume daytime 
plasma conditions that occur at maximum sunspot activity, and the least insulated 
array surface intercepts the ion ram current at normal incidence. 
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Figure 5-2. Solar Array Power Loss with Voltage. Power Loss With and Without 
Secondary Electron Emission at 300 km and 600 km Altitude. Values . 
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Figure 5-3. Effects of Secondary Electron Emission. Solar Array Power Loss as a 
Function of Altitude With and Without Secondary Emission 
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SECTION 6 


AREAS FOR FURTHER STUDY 

Further work, both experimental and theoretical, is required before high-voltage 
solar arrays can be confidently designed for reliable operation in the LEO space 
plasma. We will confine our attention to the phenomena of electrical discharges , 
secondary emission, and the wake structure. 

6. 1 ARCING 

The occurrence of electric discharges from spacecraft surfaces constitutes one of the 
major problems for high-voltage solar arrays. Breakdown appears to originate at 
imperfections or edges, but the precise trigger mechanism remains unknown. Under- 
standing of the discharges will probably require an improved characterization of such 
spacecraft materials as Al, Mg, SiOg, Au, Teflon, and Kapton. Material properties 
needed include secondary electron yields, charge particle reflection coefficients, and 
surface resistivities under space plasma and solar flux exposure. Development of 
high electric fields on an insulator surface with small radius of curvature (e.g. , on 
edge) may set the stage for an electric discharge. But, to trigger an arc, a flow of 
charge must begin by some process and continue to propagate by the same or some 
other process. Secondary electron emission in the vicinity of the high electric field 
strength may act as the trigger, whereas ionization of gas evolved from a surface 
heated by the charge flow may serve as the propagation mechanism. Experiments 
needed to investigate the arcing mechanism should measure surface heating during 
breakdown, gas pressures and evolved species near the arc, and the change of sur- 
face resistivity during breakdown. 

6.2 SECONDARY EMISSION 

Our discussion in Section 4.4 pointed out the lack of experimental data of secondary 
electron emission yield coefficients for 0 + on spacecraft materials from 0. 2 keV to 
20 keV. Good values for these coefficients will not only allow an improved calculation 
of spacecraft charging, but may help to understand electric discharges in spacecraft 
materials. Measurement of secondary electron yield of 0 + on solar array materials 
should be pursued. 

6.3 WAKE EFFECTS 

The shape of the wake behind an orbiting spacecraft is geometry dependent. Down 
stream from the negative voltage portion of a solar array, the wake resembles a 
wedge-shaped region that extends a considerable distance behind the array. Ions 
are expected to diffuse into the wake for eventual collection by the array, while 
electrons will be repelled by the high negative surface potential. Collected ion current 
will be limited by the thermal ion saturation current density through the wake boundary 
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area. Although the wake area is much larger than the array area, ion current collected 
by the wake will still be less than the ion ram current in LEO. 

Ion flow downstream from the positive portion of the array is also expected to produce 
a disturbance in the ambient plasma, but the disturbance is expected to have little 
effect on electron collection by the high positive potential surface. An electron sheath 
is expected to form immediately about the array surface almost independent of the 
complex potential structures further downstream. Thermal electron diffusion will 
be sufficient to provide the normal electron saturation current characteristic of the 
plasma to form the high voltage sheath. 

Detailed calculation of the wake structure should be performed. Although wake effects 
are probably unimportant for power loss calculations, possible ion and electron focusing 
in the region of voltage crossover may reveal important enhanced currents to the array 
that might cause damage. 
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SECTION 7 


CONCLUSIONS AND RECOMMENDATIONS 

7.1 CONCLUSIONS 

Interaction of high voltage solar arrays with the LEO space plasma can give rise to 
power system loss through the collection of plasma currents and by electrical discharges 
from surfaces with high negative potentials relative to the plasma. Fortunately, the 
250 kW Power Management System proposed by General Dynamics Convair is designed 
to operate under 1200 V where effects of power loss and arcing are manageable. 

Solar array panels with a linear voltage gradient acquire a positive potential relative 
to the plasma at one end and a negative potential on the remainder of the panel. This 
comes about because the net current collected by the floating array must be zero. Less 
than 5 percent of the array area is positive for the proposed Convair array at altitudes 
over 300 km. 

Peak power loss through plasma current collection for the proposed Convair 1200 V 
array was calculated as 2. 2 percent of the total generated power at 300 km altitude, 
and drops sharply for higher and lower altitudes. Higher operating voltages could 
be employed at the expense of higher power loss to the plasma and increased incidence 
of electrical discharges. Use of higher voltage without suffering these penalties 
might be achieved, of course, through use of proper insulation. Desirable properties 
of the ideal insulator include high bulk resistivity,, low surface resistivity and the 
ability to heal pinholes or other insulation deterioration. An insulator with all these 
properties is not yet available. 

Most arcs observed in laboratory experiments appear to originate from insulator 
surfaces that are near conductors held at high negative potentials relative to the 
ambient plasma. A practical method to control discharges over long spacecraft lives 
has not yet been found, but may well require the development of new spacecraft 
materials. Understanding the triggering and propagation mechanisms of electrical 
discharges requires a considerable amount of experimental and theoretical work. 

7.2 RECOMMENDATIONS 

Experiments should be conducted to identify the trigger mechanism and the mode of 
propagation of electrical discharges on solar cell segments. We believe the measure- 
ments should include determination of the evolved species, the gas pressure in the 
vicinity of the discharge, the amount of surface heating, and change of surface resistivity 
during breakdown. 
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Yield and energy dependence of secondary electron emission produced by 0 + on space- 
craft materials are needed. We recommend these measurements be performed on 
fabrication grade spacecraft materials of Al, Mg, Si0 2 , Au, Teflon, and Kapton 
with 0 + ion energies from 0.2 keV to 20 keV. 

We recommend doing a theoretical calculation of the wake structure downstream 
from a high-voltage solar array moving in the ionosphere. It is important to deter- 
mine the effect of charged particle focusing that might produce local damage to a 
solar array. 
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Section 1 


Introduction 


Previous work was concerned with the power loss to the ambient plasma by 
the large, high voltage solar arrays of the PMS. In this work we consider 
problems associated with the high voltage lines connecting the arrays to the 
spacecraft, and high voltage components within the spacecraft. It is shown that 
the power loss to the plasma from the transmission lines is going to be very 
small. The primary problem will be arcing. A simple model suggests separation 
of transmission lines should exceed one meter. Similar work was not attempted 
for spacecraft components due to their greater geometric complexity. 

If a. c. transmission lines are used, frequencies should be chosen so as 
not to coincide with natural plasma frequencies, such as the ion plasma 
frequency and the lower hybrid frequency. 
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Section 2 


Discussion 


2.1 Transmission Line Separation Distances 

The problem of arcing cannot be treated in an all - inclusive manner, as 
will be further explained in Section 3. Nonetheless, it is possible, for a 
geometrically simple system, to define a separation distance between two 
high-voltage components such that the probability of a damaging discharge is 
small. In this section we treat the specific problem of power transmission 
lines . 


Consider two parallel cylindrical transmission lines at voltages of 
+100V and -1100V with respect to the plasma. These voltages are approximately 
those calculated for the PMS solar array. Assume that both lines have radius 
a. We seek an estimate of the minimum separation distance d, measured from 
the center of the two cables, such that the probability of a damaging arc will 
be small. 

With no intervening plasma, the potential will vary linearly from one 
surface to the next along the line joining the centers of the cables. If an 
electron in emitted from the line at -1100V, it will accelerate uniformly to 
the 110V line were the lines in an absolute vacuum. With gas between, the 
electron will undergo elastic and inelastic collisions with the gas molecules. 
If the electron ionizes any of the gas, the ions and electrons will accelerate 
to the lines, creating more electron-ion pairs. In simplest terms, a discharge 
will occur when electrons flowing from one line to the other ionize enough 
of the intermediary gas to establish a breakdown path through the gas. 
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In the presence of a plasma, the potential will no longer vary linearly 
between the cables. The plasma will polarize about the lines such that in the 
vicinity of the negative electrode there will be an excess of ions, and an 
excess of electrons near the positive electrode. The potentials will fall 
off more rapidly than linearly and, if the cables are sufficiently far apart, 
there will exist an intermediate region between the cables where the 
potential is essentially zero. In this region, ion-electron pairs caused by 
ionization of the background gas will not accelerate to the transmission lines. 

In effect, the plasma shields one line from the other. Breakdown paths 
will thus terminate in the plasma, not at the other line. The plasma is 
only a relatively small source of energy to feed the arc, so such breakdowns 
will do substantially less damage than those which travel between power lines 
It is possible for a complete circuit between the lines to be formed if 
breakdown occurs simultaneously between both lines and the plasma, but this 
can be expected to have a low probability. 

Thus we can establish a simple criterion for reducing damaging discharges. 
This criterion is that the separation distance should be such that the plasma 
sheaths of the lines do not overlap. 

Returning to our initial statement of the problem, the separation distance, 
d, should be greater than r the sum of the sheath radii for the two conductors. 
These are given by^ 

r + = 2.34 x 10' 16 | V | 3/2 (a/? 2 J e ) (2-1) 

-8 ^/p 2 

r - = 5.45x10 | V | (a J8 J ± M) (2-2) 

where r + is the sheath around the positively charged cylinder, r- about the 

negative, V is the potential with respect to the plasma, a the cylinder radius, 

J the electron current density, J. the ion current density, M the ion mass 
6 1 
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number , and /3 is a parameter given by an infinite series . We can approximate 
by taking the first four terms of the series : 


/3*b 


ib 2 

5 



47 4 

3300 


(2-3) 


where 



(2-4) 


Je 

J 


and Jj_ are functions of altitude, time of day, and spacecraft direction. 


is given by 


J 

e 



(2-5) 


where 


n 

e 

^e 

and VSq 


plasma density 
electron charge 
electron temperature in eV 
electron mass. 


For the ion saturation current, the problem is complicated by the fact that the 
ion mean velocity is less than the satellite velocity. For the purpose of this 
calculation, we will assume that the rest of the spacecraft will shield the lines 
from ram effects. Then the ion current density will be given by 1-5 with Tj_ , 
the ion temperature, replacing T e and Mi, the ion mass, replacing Ife . 

It must be understood that the presence of the plasma enhances the 
probability of discharge, not diminishes it. Among other effects, plasma 
provides a large flux of charged particles to create ionization paths. Thus, the 
higher the plasma density, the greater the probability of a discharge. On the 
other hand, the higher the plasma density the smaller the plasma sheath. 
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For this report, we calculate the separation distance assuming daytime conditions 
where the saturation current densities are maximum. It should be recognized 
that the separation distance calculated will not prevent sheath overlap for low 
plasma density conditions. 

In Figure 1 we show the separation distance, d, as a function of trans- 
mission line radius, a. The separation distance is given by 

d = r + + r_ ( 2-6) 

Table 1 lists the parameters used in the calculation. From the figure it can 
be seen that the separation distance varies slowly with line radius ; A safe 
distance seems to be on the order of one meter. 

It must be stated that the phenomenon of arcing is quite complex. Gas 
density, plasma density, plasma temperature, electrode shape, surface 
irregularity, materials, and the earth's magnetic field all play a role in 
determining the probability of a discharge. The criteria we have chosen treats 
only one aspect of this complex problem. 

2.2 Transmission Line Power Loss 

We consider the power lost by the transmission lines of the PMS 
sate lli te to the ambient plasma. Consider a pair of lines with radius of two 
centimeters, fifty meters long, at +100V and -1100V respectively. Unlike section 
2.1, we assume that the ion current density is altered by ram effects, and is 
given by: 

Ji = ne V Q (2-7) 

where V Q is the satellite velocity and n and e are as defined in section 2.1. 

We assume that the lines are separated by a distance greater than d as cal- 
culated in section 2.1. Maximum power loss will be for an altitude of 300 km 
with ion current density given by ea. 2-7 for the entire line. At 300 km this 
is Jj_ = 3.2 x 10" 3 A/m 2 , and J e = 2.3 x 1CT 2 A/m 2 . 
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Table 1 : 


Sheath thicknesses and minimum separation distances 
for 300 and oOO km altitudes . 


-22 -52 
h = 300 km, Je = 2.3 x 10 A/m , = 8.1 x 10 A/m 


a (cm) 

r+ (cm) 

r- ( cm) 

d (cm 

0.25 

12 

42.5 

54.5 

0.5 

13 

44 

57 

1 

15 

47 

62 

2 

18 

51.5 

69.5 

5 

23.5 

62 

85.5 

7.5 

27.5 

68 

95.5 

10 

31 

74 

105 

h = 600 km, 

J e = 7.9 x 10" 3 

2 

A/m , Jj_ = 

3.67 x lo -5 A/i 

a (cm) 

r+ (cm) 

r-(cm) 

d ( cm) 

0.25 

19.5 

63 

82.5 

0.5 

21 

64 

85 

1 

23 

67 

90 

2 

26.5 

67 

90 

5 

33.5 

84 

117.5 

7.5 . 

38.5 

92 

130.5 

10 

42.5 

98.5 

l4l 
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The powerloss is given by 


P = VI = 2 7T r J . L | V | (2-8) 

e,i ’ " 1 

The total power loss comes to 267 watts. For a 250kw PMS system , this comes 
to only 0.1$ of the payload power, or 5$ of that lost by the solar array. 


2.3 Spacecraft High Voltage Components 

Within the spacecraft there will be a number of components which will 
be at a high voltage with respect to nearby surfaces. During normal operation 
it is anticipated that the spacecraft will be pressurized, so the system will 
not be exposed to the ionosphere. However, should the spacecraft lose 
pressure it is possible that high voltage components will come into contact 
with the ambient plasma. 


In the pressurized condition, the standard techniques for holding off 
high voltages will suffice. In the case where the system is exposed to the 
plasma, these techniques may not he adequate to prevent damaging discharges. 

There are these points to consider: 

1) the environment in which the components will reside is highly 
variable, especially with respect to plasma and neutral gas densities; 

2) the component geometries are neither uniform nor simple; 

3) the components will be constructed of a variety of materials 
with very different properties; 


and 4) there may be components unconnected electrically from the 

remainder of the spacecraft, and thus floating with respect 
to the plasma. 
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Under such conditions, it is unlikely that any general set of design criteria 
can he established beyond those which are required to hold voltage in the 
case where the spacecraft is pressurized. 

It would be possible that, given a reasonable geometry and an 
appropriate set of environmental conditions, a computational model would yield 
the requirements for preventing breakdown. However, the confidence factor of 
such an activity must be considered low. On the other hand, for reasonably 
small components, there exist a large number of facilities where a specific 
component can be subjected to a sufficient variety of conditions to assure 
adequate performance in space. In other words, an experimental test procedure 
is to be preferred over an analytical/computational. 
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2.4 Alternating Current Effects 

High frequency transmission lines may be used as the power bus from the 
solar array to the spacecraft. Such lines may couple to the ambient plasma by 
operating at frequencies which will excite natural modes in the plasma. The 
result can be a rather large power drain. 

One can calculate the effect of high frequency lines in the space plasma 
by performing a particle-in-cell plasma simulation of the system. The general 
behavior of the system is that of a harmonic oscillator (the plasma) with a 
harmonic driving force (the power supply). When the driving frequency matches 
the natural frequency of the oscillator, the system is resonant and the power 
absorbed increases to infinity. Damping effects and power supply limitations 
will prevent this; however, the power absorption can still be quite great. 

While detailed calculations have not been made, it is clear from the 
above that it is wise to avoid use of frequencies near any of the natural modes 
of the ionospheric plasma. Those frequencies to be avoided include the ion 
plasma frequencies, the ion cyclotron frequencies, and the lower hybrid frequency. 
The electron cyclotron and plasma frequencies are in the MHz range, well beyond 
any desired operational frequency. 

The ion plasma frequency, in MKS units, is given by 

V = q ( * A < 0 ) 1/2 (2_9) 

where q is the ion charge, n the ion density, M the ion mass, and e the 

1 i o 

permitivity of free space. Because the plasma frequency depends on density, the 
frequency zone in which operation should be avoided will be quite wide. 
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For operation at ~ 300km, the plasma frequency varies from 23KHz at 
nighttime solar minimum to 74 KHz at daytime solar maximum. For 600km, the 
numbers are 7KHz and 43KHz, respectively. 

The ion cyclotron frequency is given by 

qB 

w . = (2-10) 

C1 "77 

M 

i 

where q, are as defined above and B is the earth's magnetic field. At 300km, 

B varies from ~0.3 gauss to 0.5 gauss, depending on colatitude, so u varies 

ci 

from 28.5Hz to 47.5Hz. At 600km, the variation is from 24Hz to 38 Hz. 


The lower hybrid frequency is given by 



( 2 - 11 ) 


where u> is the electron cyclotron frequency, e the electron charge, and M 
ce e 

the electron mass. At 300km the lower hybrid varies from 6KHz to lOKHz; at 
600km from 5KHz to 8 KHz. 

The above numbers demonstrate that there is no "safe" frequency in the 
KHz range below about 80KHz at which the line can operate. However, an 
operating frequency can be chosen in this range when operational altitudes are 
determined. 


We make the following additional points: l) The actual power loss will be 

when the plasma density is greatest. Thus, it is better to operate near the low 
end of the plasma frequency range than the high end. 2) The satellite is not 
stationery. The motion of the satellite will effect the coupling. The simulation 
will be more difficult because of this effect. 
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Section 3 


Conclusions and Recommendations 


3.1 Conclusions 

The problem of arcing is quite complex and should properly be treated by 
laboratory work. Simple considerations of arcing mechanisms allow calculations 
to be made with respect to safe separation distances. For transmission lines of 
reasonable cross-section connecting the PMS solar array to the spacecraft, 
separation distances should be on the order of one meter. The power loss to the 
ambient plasma from such transmission lines will be neligible. 

No simplifying assumptions can be made with respect to small high voltage 
components within the spacecraft. 

For a.c. lines, there exists a frequency window between lower hybrid and 
ion plasma frequencies at which the system can operate without special bus designs. 
At 300km the window ranges from 10 to 23KHz. At about 600km the window is gone. 

3 . 2 Recommendations 

Since analytical models cannot provide sufficient information for the design 
of the smaller high voltage components within the spacecraft, we recommend that 
a high vacuum, space plasma simulation facility be made available for testing 
components, and that it be made available to the design teams. A similar facility 
should be made available to test alternative transmission line designs. 

A computer simulation of the space plasma in contact with an a.c. trans- 
mission line at frequencies at or near plasma natural frequencies should be attempted 
to determine if operation is feasible at those frequencies. 
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APPENDIX 3 


DEFINITION OF TECHNOLOGY REQUIREMENTS 


S-l THROUGH S-5 SYSTEMS 

C-l THROUGH C-19 COMPONENTS 

D-l THROUGH D-8 DATA 
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INTRODUCTION 


The data sheets in this appendix present the details about the recommdations and final 
conclusions in the text of the study report. 

Each set of data sheets has three pages: 

1. The basic technology descriptions and the justification for 
the recommendation. 

2. The technical options, and alternatives, and already-planned 
programs and status . 

3. Schedules, references, and an indication of the state of the art 
of the technology. Page 3 is included only for those technologies 
that NASA must take a hand in developing if they are to be ready 
to support 1984 or mid-to-late 1980's design starts for PMS 
hardware to support a space platform of this size. 

This appendix is organized in three separate sections: 

"S" (1 through 5) for systems level technologies. 

"C" (1 through 19) for components that require further development. 

"D" (1 through 8) for places where devices exist but additional test 

or qualification data is required. 
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I Jl 


DEFINITION OF TECHNOLOGY REQUIREMENT No.S-1 

— ' mrm in— n t ■'■rn—i " miw— — i— — rn — i i ■ ! ■ — wn—w— nm »i m w nw— iw ■ — in >■ !■ » 

1. TECHNOLOGY REQUIREMENT (TITLE: Distributed/Split DC-AC- Psce , of 3 

DC/AC Resonant Converter 

2. TECHNOLOGY CATEGORY: System Design 

3. OBJ ECTIVE'AOVANCEMSNT REQUIRED: Development/extens ion of the basic 
Schwarz Resonant Converter to an entire system concept using the resonant 

section for power transmission. . 

4. CURRENT STATE OF ART: ' Basic Resonant Converter developed as a single- 
output/single-function device. 

. DESCRIPTION OF TECHNOLOGY: Design of the total Power Management System 
(PMS) as a single, multi-function, multi-output, resonant converter. This inte- 
grated system would use the resonant techniques developed by Schwartz and expand 
them into a "Device" having a distributed resonant link and multiple input-output 
ports. 


6 . RATIONALE AND ANALYSIS: Resonant Converter designs have been investi- 

gated by Schwarz and others because of their high efficiency. They eliminate 
switching losses through AC switching at the zero-crossing; and have been developed 
as single-function devices (i.e., DC-DC, DC-AC, AC-DC conv. etc.). A system 
operating as a single, complex resonant converter will offer significant weight and 
efficiency improvements over a conventional approach. (60% weight reduction and 
57% loss reduction). 







DEFINITION OF TECHNOLOGY REQUIREMENT NoS-l 

1. TECHNOLOGY REQUIREMENT (TITLE): Distributed/Split DC-AC-DC/AC Page 2 of 3 
Resonant Converter 

7. TECHNOLOGY OPTIONS: (Other than proposed system) 

Conventional AC or DC system design with lower efficiency and approximately 
40% higher cost and weight. 


a. TECHNICAL PROBLEMS: 

No significant problems - proof of extended design concept required. Investigate 
frequency drift as a function of load. Investigate effects of direct AC loading. 


9. POTENTIAL ALTERNATIVES: 
Conventional design - (See 7). 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 
None Planned 


11. RELATED TECHNOLOGY REQUIREMENTS: 

Rotary Transformer (C- ); Transformer Payload Disconnect (C- ); Coax 

Transmission Line Dev. (C- ); Plasma Resonant Frequency Coupling Study 

(D- ); Energy Storage on the array side (S02). 

“ ’ 3652-97 ' 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


No. S-l 


1. TECHNOLOGY REQUIREMENT (TITLE): Distributed/Split DC-AC-DC/ AC Page 3 of 3 
Resonant Converter 



TECHNOLOGY I 

1. Proof of concept I 

2. BIB design and test 

3 . Component development 

and specification 

4. Final qual and hndbk 

publication 


FUNDING LEVEL 
(In SI, 000. 1978 dollars) 


13. USAGE SCHEDUL 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 

14. REFERENCES * 

NASA CR-159660; Bi-Directional, Four Quadrant (BDQ4) Power Converted 
Development; Final Report, Contract NAS3-30363; F. C. Schwarz, Power 
Electronics- Assoc. Inc., Lincoln, MA. 01773. 


15. LEVEL OF STATE OF THE ART: 

fl^) Basic phenomena observed and 
reported 

( 2 ^ Theory formulated to describe 
phenomena 

(5) Theory tested by physical experiment 
or mathematical model 

(£\ Pertinent functions or characteristic 
demonstrated, e.g.. material, 
comoonent 


5. Component or breadboard-tested in 
relevant environment in laboratory 

6. Model tested in aircraft environment 

7. Model tested in space environment 

8. New capability derived from a much 
lesser operational model 

9. Reliability upgrading of an opera- 
tional model 

10. Lifetime extension of an operational 
model 

3652-93 
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DEFINITION OF TECHNOLOGY REQUIREMENT No. S-2 

1. TECHNOLOGY REQUIREMENT (T1TL5: Space Platform Dynamic pa Ce 1 of 3 

Analysis for "Heavy" Array. 

2. TECHNOLOGY CATEGORY: System Design 

3. OBJECTIV&'AOVANCEMENT REQUIRED: Analysis of control dynamics function 
for attitude control of a space station having inverters and batteries on the solar 

array. 

A CURRENT STATE OF ART: Solar array hardware is a lightweight appendage of 
major satellite systems. 


3. DESCRIPTION OF TECHNOLOGY: Preliminary analysis suggests that increasing 
the mass of a satellite on the solar array side of the rotary joint which generally 
remains fixed in inertial space may simplify the attitude control problem and re- 
duce energy. expended for attitude. Computer simulation type analyses of this 
configuration are required to confirm or deny this opinion. 


6. RATIONALE AND ANALYSIS: We can maximize the cost effectiveness and 

minimize size and weight of an AC power system if the power used to charge 
batteries and battery discharge control is on the array side of the inverter and 
rotary joint. This approach reduces the size of the inverter and rotary trans- 
former, and the batteries share regulation and control hardware with the solar 
array. 
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(DEFINITION OF TECHNOLOGY REQUIREMENT 


No. S-2 


1. TECHNOLOGY REQUIREMENT (TITLE}: Space Platform Dynamic Page 2 of 3 

Analysis for "Heavy" Array. 

7. TECHNOLOGY OPTIONS: ■ - N/A 

Analysis only - verify simple theory. 


8. TECHNICAL PROBLEMS: 
None - Analysis only 

9. POTENTIAL ALTERNATIVES: 
None - Analysis only 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 
None Planned 


11. RELATED TECHNOLOGY REQUIREMENTS: 

Distributed/Split DC-AC-DC/AC Resonant Converter (S-l). 

' " 3652-97 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1. TECHNOLOGY REQUIREMENT (TITLE): Space Platform Dynamic 

Analysis for "Heavy" Array 


Page 3 of 3 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 


CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

Perform dynamic 
analysis to verify 
comparative propellant 
useage for baseline 
250 KWe configuration 


FUNDING LEVEL 
(In 21,000. 1978 dollars) 


79 SO 81 32 I S3 84 35 36 1 37 38 1 S9 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES • 



15. LEVEL OF STATE OF THE ART: 

/?N Basic phenomena observed and 
reported 

( 2 ) Theory formulated to describe 
phenomena 

3. Theory tested by pnysical experiment 
or mathematical model 

4. Pertinent functions or characteristic 
demonstrated, e.g.. material, 
component 


5. Component or breadboard-tested in 
relevant environment in laboratory 

6. Model tested in aircraft environment 

7. Model tested in space environment 

8. New capability derived from a much 
lesser operational model 

9. Reliability upgrading of an opera- 
tional model 

10. Lifetime extension of an operational 
model 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


No -S-3 

1. TECHNOLOGY REQUIREMENT (T1TLB: Radiation Effects on PMS Pace 1 of 2 

Hardware 

2. TECHNOLOGY CATEGORY: System Design 

3. 08JECT1VE/A0VANCEMENT REQUIRED: Analysis of PMS Hardware for this power 
class to determine degradation due to long term exposure to space radiation and 

design changes to solve the problem. 

4. CURRENT STATE OF ART: Significant body of data on short term high intensity 
exposures. 


3. DESCRIPTION OF TECHNOLOGY: Development of a set of guidelines and ground 
rules active power circuit design and performance in the space radiation environ- 
ment for periods in the 10 year range. They will include device performance and 
parametric changes, shielding methods and effectiveness, design approaches, etc. 


6. RATIONALE AND ANALYSIS: Power system components may be significantly 

effected with regard to size, weight, and performance as a function of allowing 
for the effects of long term exposure to space radiation. Accurate predictions of 
effects will allow for optimum PMS designs. 





DEFINITION OF TECHNOLOGY REQUIREMENT No. s-3 

1. TECHNOLOGY REQUIREMENT (TITLE): Radiation Effects on PMS Page 2 of 2 

Hardware 

7. TECHNOLOGY OPTIONS: 

a. Provide radiation-resistant components for PMS hardware design. 

b. Provide shielding for sensitive components and harmful radiation types. 

c. Provide "overdesign" for PMS hardware to allow for parameter degradation 
with long term exposure. 

d. Repair and replace degraded hardware in orbit. 


3. TECHNICAL PROBLEMS: 

Semiconductor devices are all degraded by exposure to many forms of radiation. 
Degree of effect must be determined for large devices commonly found in large 
power systems. 

9. POTENTIAL ALTERNATIVES: 

No alternatives - All hardware must be compatible with the radiation environment. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

Many Air Force and NASA programs for radiation hardening. The only PMS 
action should be to survey their results periodically to check for applicability 
and incorporation into die PMS data base. 

No page 3 required. 

11. RELATED TECHNOLOGY REQUIREMENTS: 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


No. 


S-4 


1. TECHNOLOGY REQUIREMENT (TITLE): Magnetic Dipole Attitude Pace 1 of 2 

Control 

2. TECHNOLOGY CATEGORY: System Design 

3. OSJECTIVE'AOVANCcMSNT REQUIRED: Evaluate the feasibility of space plat- 
form attitude control or control augmentation-using the Earth's magnetic field. 


4. CURRENT STATE OF ART: Small satellite considerations. 


5. DESCRIPTION OF TECHNOLOGY: Use of tlie large currents flowing in the PMS 
to power magnets either paras itically or directly on a transient basic to aid in 
attitude control. Investigate possible force magnitudes and electrical implemen- 
tation methods . 


6. RATIONALE AND ANALYSIS: Large currents available on space platforms of 

this type allow for the creation of magnetic fields making the entire platform a 
magnetic dipole whose characteristics can be used to react with the Earth's magnetic 
field to aid in attitude control, thereby reducing the requirements for consumable 
propellants . 





DEFINITION OF TECHNOLOGY REQUIREMENT No. g _ 4 

1. TECHNOLOGY REQUIREMENT (TITLE): Magnetic Dipole Attitude Page 2 at 2 

Control 

7. TECHNOLOGY OPTIONS: 

a. Large PMS currents used in differentially connected solenoid configurations to 
provide controllable net magnetic field. 

b. Single solenoids with variable current control. 

c. Multiple "crossed-axis" solenoids at satellite extremities to provide rational 
torques . 


3. TECHNICAL PROBLEMS: 

a. Design of high current, high field, low loss, magnets. 

b. Effect of magnetic fields on other space platform systems. 


9. POTENTIAL ALTERNATIVES: 

a. Conventional hot or cold gas station keeping thrusters. 

b. Ion engine thrusters 

c. Inertial wheel/ gyro type station keeping/attitude control system. 

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

No definitive programs planned, superconducting magnets would probably be required 
to solve the problems listed in (8). Not available by mid-to-late 1980's. 

No page 3 required. 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Superconducting energy storage. (S-5) 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


No. S-5 


1. TECHNOLOGY REQUIREMENT (TITLE): Superconducting Energy Pace 1 of 2 

Storage 

2. TECHNOLOGY CATEGORY: System Design 

3. O8JECT1VEA0VANCSMENT REQUIRED: Investigate the viability of superconductin g 

energy storage as an alternative to batteries or fuel cells . 


4. CURRENT STATE OF ART: No detailed or serious investigation utilizing current 
or proposed technologies. 


o. QESCRIPilON Or TECHNOLOGY: Superconducting magnets can be used to store 
large amounts of electrical energy. System evaluations and cost effectiveness 
comparisons with conventional systems are required; including: storage hardware 
size and weight, efficiency, PMS impacts and interfaces, and support systems 
(cooling or cryogenic). 


6. RATIONALE ANO ANALYSIS: Technological development of superconducting 

magnets has shown the promise of making this technique competitive with the con- 
ventional approaches. It can be integrated with magnetic dipole attitude control 
(No. S-4) for additional cost effectiveness. 




DEFINITION OF TECHNOLOGY REQUIREMENT 


No. S-5 


1. TECHNOLOGY REQUIREMENT (TITLE): Superconducting Energy Page 2 or 2 

Storage 

7. TECHNOLOGY OPTIONS: 

a. Radiation/cryo cooled torroid, assembled in orbit. 

b. Radiation/cryo cooled solenoid or series of solenoids used to store energy 
and provide magnetic field for station keeping and attitude control. 

c. Is total radiation cooling feasible? 


3. TECHNICAL PROBLEMS: 

a. High weight in orbit. 

b. Cooling system requirements. 


9. POTENTIAL ALTERNATIVES: 

a. Batteries 

b. Fuel Cells 

c. Inertia Wheels 

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

Many large magnet programs in support of nuclear fusion research. No programs 
for superconducting magnets in space. 

Cannot support mid-to-late 1980's technology readiness. 

No page 3 required. 

11. RELATED TECHNOLOGY REQUIREMENTS: 


A3- 12 




DEFINITION OF TECHNOLOGY REQUIREMENT No. 


1. TECHNOLOGY REQUIREMENT (TITLE): Rotary Transformer Page 1 of 3 


2. TECHNOLOGY CATEGORY: Components 

3. 08J ECT1VE* ADVANCEMENT REQUIRED: 250 KW; 20 KHz; 1 0; 1000 V RMS unit; 

possibly in 25. OK KW modules or with 25.0 KW separate primaries. 


4. CURRENT STATE OF ART: Design study just beginning. 


5. DESCRIPTION OF TECHNOLOGY: A device which can be integrated with the 
structure of the rotary joint between a space platform and its solar arrays, which 
is a high frequency transformer with primary and secondary free to rotate with 
respect to one-another. 

Requirements: (a) continuous rotation at 360° in 24 hrs (b) 250 KW, 20 KHz, single 
phase, 440V; 1000 VACRMS. (c) multiple inputs from 25.0 KW modules, redundant 
outputs each caple of 250 KW, with a total max output of 250 KW. 


6. RATIONALE AND ANALYSIS: 

An AC power transmission system for power management allows the use of a 
transformer rotary joint energy coupling, thereby 

(a) Eliminating sliding contacts (slip rings) 

(b) Allowing for multiple 360° rotations, simplifying the station keeping problem. 


A3- 13 





(DEFINITION OF TECHNOLOGY REQUIREMENT 


No. C-l 


1. TEOHNOLOGY REQUIREMENT (TITLE): Rotary Transformer Page 2 of 3 

7. TECHNOLOGY OPTIONS: 

Flat type or armature type. 


3. TECHNICAL PROBLEMS: 

a. Exist in concept only, no actual design at this time. 

b. Integration with rotary joint structure. 

c. Integration with resonant inverter. 

9. POTENTIAL ALTERNATIVES: 

a. Slip rings with separate transformer. 

b. Flexible cables with suitable space platform motions to "unwind" cables during 
eclipse periods. 

c. Rotary capacitor. 

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

Inertial NASA sponsored design study now in work at General Electric. 

See NASA Contract for cost and schedule. 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Inte grated/ split DC-AC-DC/AC Resonant Converter (S-l). 

3652-97 
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<S©? 


No. C-l 
Page 3 of 3 


DEFINITION OF TECHNOLOGY REQUIREMENT 

1. TECHNOLOGY REQUIREMENT (TITLE): Rotary Transformer 


12. TECHNOLOGY REQUIREMENTS SCHEDULE:' 


CALENOAR YEAR 


SCHEDULE ITEM I 79 30 i 31 i 82 I S3 | 34 | 35 1 86 1 37 | 38 | 39 | 90 


91 I 92 93 | 94 | 95 | 


TECHNOLOGY 

1. Design Feasibility 

2. Operating model and 
Testing 


FUNDING LEVEL 
(In SI, 000. 1978 dollars) 


so 


so 


t 

13. USAGE SCHEDULE: 






■ 


TECHNOLOGY NEED DATE 

■ 


■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 


T 



OTAL 

NUMBER OF LAUNCHES 

■ 


1 

■ 

■ 


■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 




14. REFERENCES 


LEVEL OF STATE OF THE ART: 

Basic phenomena observed and 
reported 

Theory formulated to describe 
phenomena 

3. Theory tested by pnysical experiment 
or mathematical model 

4. Pertinent functions or characteristic 
demonstrated, e.g.. material, 
component 


5. Component or breadboard-tested in 
relevant environment in laboratory 

6. Model tested in aircraft environment 

7. Model tested in space environment 

8. New capability derived from a much 
lesser operational model 

9. Reliability upgrading of an opera- 
tional model 

10. Lifetime extension of an operational 
model j 

" ' ~ 3652-55 
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DEFINITION OF TECHNOLOGY REQUIREMENT No. c _ 2 

1. TECHNOLOGY REQUIREMENT ITITLS: Remote Power Controller Pace 1 of 3 

Improvement - Power Output 

2. TECHNOLOGY CATEGORY: Components 

3. 08JECT1VE/A0VANCEMSNT REQUIRED: Improved output capability higher DC 
voltage and current; improved AC performance to 20KHz; multi-pole-multi-throw 

configuration. 

A CURRENT STATE OF ART: To 400V/60A: 500V /40A. DC. 60 and 4 00H7. SPST 


3. DESCRIPTION Or TECHNOLOGY: Solid state, remotely commanded power con- 
trollers are required to provide various switch functions for both AC and DC systems. 

The maximum requirements are: 


DC System: 


AC System: 


100KW, SPDT, 750V/133A (DC) 

15.0KW, DPDT, 750V/20A (DC) 

10.0KW, DPDT, 750V/13.3 A (DC) 
10.0KW, DPDT, 115V/87.0A (DC) 

25.0KW, DPDT, 440V/57.0 A (DC) 
25.0KW, DPDT, 440 VPK/80 A RMS (AC) 
5.0KW, DPDT, 1000V/5.0 A RMS (AC) 


6. RATIONALE AND ANALYSIS: Various switch functions are required for both 

AC and DC systems: 

DC System: Slip ring input/output isolation, battery isolation, 

module isolation and redundancy management, 
payload fault isolation. 

AC System: Inverter module input and output module isolation 

and redundancy management, payl oad regulator/ 
converter and payload fault isolation. 


3652-96 
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QgrlNi nON OF TECHNOLOGY REQUIREMENT No. C-2 

1. TECHNOLOGY REQUIREMENT (TITLE}: Remote Power Controller Page 2 of 3 

Improvement - Power Output ' 

7. TECHNOLOGY OPTIONS: 

a. Improved design solid-state RPC's. 

b. Electro-mechanical switchgear now designed for the power industry. 

c. Electro-magnetic-mechanical switchgear. 


8. TECHNICAL PROBLEMS: 

a. Output switching devices have ratings too low to meet DC requirements. 

b. Power dissipation requires additional thermodynamic design and analysis. 

c. Electro-mechanical switches have life problems in space environment. 

9. POTENTIAL ALTERNATIVES: 

None - Switchgear is an integral requirement of all PMS. 

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 
RPC development programs sponsored by NASA LeRC. 


11. RELATED TECHNOLOGY REQUIREMENTS: 

Improved performance switching devices. 

i 

— — ‘ ' 3652-37 
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DEFINITION OF TECHNOLOGY REQUIREMENT No. C-3 

1. TECHNOLOGY REQUIREMENT (TITLES: Remote Power Controller Pgcs i of 3 

Improvement - Data Interface 

2. TECHNOLOGY CATEGORY: Components 

3. OBJECT1VSAOVANCEMENT REQUIRED: Provide a bus compatible input and 
output data interface for command and monitor functions. 


4 . CURRENT STATE OF ART: Single, non-multiplexed hardwired inputs and outputs. 


5. DESCRIPTION OF TECHNOLOGY: 

Develop a serial data bus compatible input/output port for each RPC to receive and 
transmit all command and data functions. Decide on a data/command protocol for 
error detection and correction and command verification and redundancy. 


6. RATIONALE AND ANALYSIS: 

Complex, large, power management systems such as this one will require too many 
individual switch functions and individual remote power controllers to have data and 
command information transmitted to and from them via individual signal. wires. 

Bus interface and logic hardware is now reaching sufficient levels of integration that 
it can be easily incorporated into FPC design. 

Significant reductions in control system size, weight, and cost will result, since this 
approach is consistent with current control system designs. 


A3- 18 




DEFINITION OF TECHNOLOGY REQUIREMENT No. C-3 


1. TECHNOLOGY REQUIREMENT (TITLE}: Remote Power Controller Page 2 of 3 

Improvement - Data Interface 

7. TECHNOLOGY OPTIONS: 

a. Wired data input/output port similiar to MIL-STD-1553B or IEEE standard. 

b. DIS type system integration. 

c. Optical data interface port such as MIL-STD-1553FO 

d. Several RPC's located around a single interface/decoder/controller unit. 

8. TECHNICAL PROBLEMS: 

a. Decision about which system type will be dominant in the mid-to-late 1980's. 

b. Integration of the appropriate hardware into RPC design. 

9. POTENTIAL ALTERNATIVES: 

Hard wired system with individual lines to system controller. 

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

RPC development programs sponsored by NASA LeRC general, wide, industry and 
Government sponsored data transmission systems are in work. PMS programs 
must look to hardware Integration. 


11. RELATED TECHNOLOGY REQUIREMENTS: 

Data interface hardware development. 

1 — — - - 3652-5 

J7 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


No. C-4 


1. TECHNOLOGY REQUIREMENT (TITLE-: Remote Power Controller 
Improvement - Overload Protection 


.Page i of 


. i ECHNOLQGY CATEGORY: Components 

. 08J ECTlVSAOVANCcMENT REQUIRED: Development of short term overload 
rotecti on for PMS as part of an RPC fv 


. CURRENT STATE OF ART: No satisfactory problem solution in present devices. 


5. DESCRIPTION OF TECHNOLOGY: 

Remote power controllers which provide system protection by limiting fault currents 
for a short time (approx. 200 sec) until they can be commanded off by the system 
controller. 



6. RATIONALE AND ANALYSIS: 

Integrated system control requires time to monitor, analyze, and decide about sys- 
tem status to provide for fault isolation, load shedding, or section shutdown in case 
of a fault. A compromise to simplify RPC logic design and allow for reasonable 
control system response time is to provide for a simplified overload response (such 
as current limiting) in the RPC for the time it takes the system to respond. 


l3-2 





DEFINITION OF TECHNOLOGY REQUIREMENT No. C-4 

1. TECHNOLOGY REQUIREMENT (TITLE): Remote Power Controller Page 2 of 3 

Improvement - Overload Protection 

7. TECHNOLOGY OPTIONS: 

a. Simple current limiting with appropriate thermodynamic design to provide heat 
sinking or thermal capacitance for the transient dissipation. 

b. Load line limiting to reduce transient dissipation. 


8. TECHNICAL PR08LEMS: 

Thermodynamic design capable of keeping temperatures low enough for the 
dissipation/time product. 


9. POTENTIAL ALTERNATIVES: 

a. Overload shut-off function internal to the RPC with output flag to the system 
controller. 

b. Fuse function with output flag to system controller to be reset and repaired by 
astronaut. 

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

RPC development programs sponsored by NASA LeRC. 


11. RELATED TECHNOLOGY REQUIREMENTS: 

Improved Thermodynamic design. 

— 3652-97 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


No. C -2/3/4 


1. TECHNOLOGY REQUIREMENT (TITLE): Remote Power Control!* 


Page 3 of 3 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 


SCHEDULE ITS 


TECHNOLOGY 

1. Design 

2. Prototype 

3. Quai Unit & Testing 


CALENOAR YEAR 


FUNDING LEVEL 
(In SI. 000, 1973 dollars) 

Development 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES • 



TOTAL 



15. LEVEL OF STATE OF THE ART: 

(\S Basic phenomena observed and 
reported 

0 Theory formulated to describe 
phenomena 

0 ) Theory tested by pnysical experiment 
or mathematical model 

/£) Pertinent functions or characteristic 

V ”'^ demonstrated, e.g.. material, 
component 


/H) Component or breadboard-tested in 
relevant environment in laboratory 

6. Model tested in aircraft environment 

7. Model tested in space environment 

mO New capability derived from a much 
lesser operational model 

9. Reliability upgrading of an opera- 
tional model 

10. Lifetime extension of an operational 
model 









DEFINITION OF TEOHNOLOGY REQUIREMENT 


No. C-5 


1. TECHNOLOGY REQUIREMENT IT1TL3: Low Loss Dielectric Page 1 or 3 

Material for High Frequency EMI Filters and Transmission Lines 

2. TEOHNOLOGY CATEGORY: Components 

3. O8JECT1VE/A0VANCEMENT REQUIRED: EMI filters with low loss at 1KV RMS 

and 20 KHz frequency. 



3. DESCRIPTION OF TECHNOLOGY: 

Low loss EMI components are required to support a 1KV 20 KHz power distribution 
system. These components should have low loss to maintain system efficiency and 
be effective filters at RF. 


5. RATIONALE AND ANALYSIS: 

Conventional EMI filters are suitable for power line frequencies up to 400 HZ and 
voltages around 120 VRMS. The development of these EMI components should be 
done in conjunction with the creation of a 20 KHz power distribution specification. 
Current components would not be suitable because of high dielectric losses at this 
frequency and voltage, which would result in higher system losses. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. C-5 


1. TECHNOLOGY REQUIREMENT (TITLE): Low Loss Dielectric Page 2 of 3 

7. TECHNOLOGY OPTIONS: 

a. Different ceramic materials 

b. Different film materials. 


3. TECHNICAL PROBLEMS: 

a. Thermal operating range 

b. Vacuum environment 

c. Plasma effects 

d. Dielectric heating 


9. POTENTIAL ALTERNATIVES: 

Use existing EMI filters and insulators and tolerate increased weight and dielectric 
heating losses. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 
None planned 


11. RELATED TECHNOLOGY REQUIREMENTS: 

Possible development of suitable ceramic and/or film materials. for this specific 
application. 







DEFINITION OF TECHNOLOGY REQUIREMENT 


No. c-5 


1. TECHNOLOGY REQUIREMENT (TITLE): Low Loss Dielectric 


Page 3 of 3 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 


CALENDAR YEAR 


SCHEDULE ITEM 


79 SO | SI | 32 I 33 


34 1 35 1 36 1 37 1 38 39 | 90191 1 92 | 93 | 94 1 95 


TECHNOLOGY 

1. Basic Research 

2 . Material Testing 

3. Production 


FUNDING LEVEL 
(In 51,000, 1978 dollars) 


100 


50 


t 1 

13. USAGE SCHEDULE: 







■ 





TECHNOLOGY NEED DATE 



■ 

■ 

■ 


■ 

■ 

■■ 

■ 

■ 

■ 

■ 



TOTAL 

i 

NUMBER OF LAUNCHES 



■ 

■ 

■ 


■ 

1 

■ 

■ 


1 

■ 

■ 





14. REFERENCES 


15. LEVEL OF STATE OF THE ART: 

© Basic phenomena observed and 
reported 

^2J Theory formulated to describe 
phenomena 

/^Theory tested by physical experiment 
or mathematical model 

4. Pertinent functions or characteristic 
demonstrated, e.g.. material, 
component 


5. Component or breadboard-tested in 
relevant environment in laboratory 

6. Model tested in aircraft environment 

• 7. Model tested in space environment 

8. New capability derived from a much 
lesser operational model 

9. Reliability upgrading of an opera- 
tional model 

10. Lifetime extension of an operational 
model 

’ " 3652-53 
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DEFINITION OF TECHNOLOGY REQUIREMENT No. c-6 

1. TECHNOLOGY REQUIREMENT (TITLE): High Current, High Voltage p 9 ce 1 of 2 

Fast Recovery Rectifiers 

2. TECHNOLOGY CATEGORY: Components 

3. 08JECT1VE'A0VANCEMENT REQUIRED: 1500 PIV, 100A rectifier diodes with 

recovery times in the range of 500 nS 

4. CURRENT STATE OF ART: 600V, 50A, 200 nS 


5. DESCRIPTION OF TECHNOLOGY: 

High current, High voltage, fast recovery rectifiers will be required to reduce the 
size, weight and cost of inverters and switching regulators while maintaining high 
efficiencies. 


6. RATIONALE AND ANALYSIS: 

Present day devices do not have sufficient peak inverse voltage (PIV) ratings for the 
desired applications. Stacking these devices to achieve higher PIV ratings requires 
equalization networks which slow the apparent recovery time, increase the apparent 
reverse leakage, and reduce the efficiency due to higher foreward voltage drops. 






DEFINITION OF TECHNOLOGY REQUIREMENT No. C-6 

1. TECHNOLOGY REQUIREMENT (TITLE): High Current, High Voltage Page 2 of 2 

Fast Recovery Rectifiers 

7. TECHNOLOGY OPTIONS: 

a. Different materials 

b. Different device geometries 


a. TECHNICAL PROBLEMS: 

Present day device geometries and manufacturing methods are not sufficient for the 
anticipated needs. 

9. POTENTIAL ALTERNATIVES: 

Stack (series) existing devices and tolerate higher losses and increased weight and 
bulk. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

Commercial program related to the power industry should provide acceptable 
components by the mid-to-late 1980's. 

No page 3 required. 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Semiconductor materials. 

— ' ~ 3652-97 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


No. C-7 


1. TECHNOLOGY REQUIREMENT (TITLES: High Frequency Motors Pace i 0 f 3 

2. TECHNOLOGY CATEGORY: Components 

3. OBJECTIVE'AOVANCSMSNT REQUIRED: Development of a broad range of motors 

and controllers which will operate directly from a 20 KHz 3 0 power source. 


4. CURRENT STATE OF ART: 3 0 motors 


3. DESCRIPTION OF TECHNOLOGY: 

Various sizes and speeds of motors will be required to run the mechanical, ventilating 
environmental and experimental equipment aboard the spacecraft. It is desirable that 
these motors be able to run directly off of a 20 KHZ power system. 


6. RATIONALE AND ANALYSIS: 

Motors not running off of a 20 KHZ system would require cycloinverters or other 
methods of power conversion which would result in increased bulk, weight, and 
losses. 


5S52-36 
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DEFINITION OF TECHNOLOGY REOUIREMENT 

No. C-7 

1. TECHNOLOGY REQUIREMENT nTTLS: High Frequency Motors . ... 

Page 2 of 3 


7. TECHNOLOGY OPTIONS: 


a. New motor configurations 

b. New fabrication techniques for conventional motor designs adapted for higher 
frequencies. 


8. TECHNICAL PROBLEMS: 

a. Present motor designs would not be suitable for 20 KHZ operation. 

b. An increase in the number of poles by a factor of 50 is required to maintain 
reasonable rotational speeds. 

9. POTENTIAL ALTERNATIVES: 

Use existing motors with complex controllers or eye lo inverters. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 
None 


11. RELATED TECHNOLOGY REQUIREMENTS: 

Printed circuit motor windings. 

3652-37 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1. TECHNOLOGY REQUIREMENT (TITLE): High Frequency Motors 


Page 3 of 3 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 


SCHEDULE ITEM 


TECHNOLOGY 

Evaluation of Approaches 
Design 

Prototype Evaluation 


CALENDAR YEAR 


79 I 80 I 81 I 82 I S3 34 85 86 37 38 39 90 I 91 I 92 | 93 | 94 | 95 


FUNDING LEVEL 
(In SI, 000. 1973 dollars) 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES 



so 100 so so 



15. LEVEL OF STATE OF THE ART: 

nj Basic phenomena observed and 
reported 

(2) Theory formulated to describe 
v “ / phenomena 

3. Theory tested by physical experiment 
or mathematical model 

4. Pertinent functions or characteristic 
aemonstrated, e.g.. material, 
component 


5. Component or breadboard-tested in 
relevant environment in laboratory 

6. Model tested in aircraft environment 

7. Model tested in space environment 

8. New capability derived from a much 
lesser operational model 

9. Reliability upgrading of an opera- 
tional model 

10. Lifetime extension of an operational 
model 



A3- 30 









DEFINITION OF TECHNOLOGY REQUIREMENT 


No. C-8 



6. RATIONALE AND ANALYSIS: 

High frequency power supplies would reduce the number of payload interface units. 
Using equipment which runs directly off of the 20 KHZ power line would increase 
overall efficiency and decrease the weight of both the spacecraft and the. user equip- 
ment. Additionally many of the spacecraft supervisory and control system compo- 
nents could be placed at optimum locations without regard to proximity of a payload 
interface unit. Weight reductions of 90% in magnetic and filter components will 
probably reduce power supply weights by 75% compared to 60 HZ ones. 


eS52-56 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


No. C-8 


1. TECHNOLOGY REQUIREMENT (TITLE): H1 § h Frequency AC-DC Page 2 of 3 

Power Supplies 

7. TECHNOLOGY OPTIONS: 

a. SCR synchronously commutated regulation 

b. Convert to DC and regulate 


3. TECHNICAL PROBLEMS: 

No known technical problems . 


9. POTENTIAL ALTERNATIVES: 

Run equipment off of the standard power options available at the payload interfaces. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 
None planned because 20 KHZ power systems do not exist. 


11. RELATED TECHNOLOGY REQUIREMENTS: 
High frequency, high power, low loss ferrites. 







DEFINITION OF TECHNOLOGY REQUIREMENT 


No. C-8 


‘ - - - -- 
1. TECHNOLOGY REQUIREMENT (TITLE): High Frequency AC-DC 

Power Supplies 

Page 3 of 3 




12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


j SCHEDULE ITEM 


92 93 94 95 | 

1 1 i 1 1 [ 


TECHNOLOGY 

Design 

Testing 


FUNDING LEVEL 
(In 21,000, 1973 dollars) 


so 


so 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


TOTAL 


NUMBER OF LAUNCHES 


14. REFERENCES • 


15. LEVEL OF STATE OF THE ART: 

n) Basic phenomena observed and 
reported 

(T) Theory formulated to describe 
phenomena 

( 3 ) Theory tested by physical experiment 

v ‘-" / or mathematical mode l 

4. Pertinent functions or characteristic 
demonstrated, e.g., material, 
component 


5. Component or breadboard-tested in 
relevant environment in laboratory 

6. Model tested in aircraft environment 

7. Model tested in space environment 

8. New capability derived from a much 
lesser operational model 

9. Reliability upgrading of an opera- 
tional model 

10. Lifetime extension of an operational 
model 

' " 3652 - 9 : 
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DEFINITION OF TECHNOLOGY REQUIREMENT No. C-9 

1. TECHNOLOGY REQUIREMENT (T1TLS: Optical Data Bus Rotary Pace 1 of 3 

Joint 

2. TECHNOLOGY CATEGORY: Components 

3. 0 8 J ECT1 V E ; A 0 V A N OEM SN T RRD! nRprv Slip ring type devices which can couple 
optical data busses across a rotary joint. 


4. CURRENT STATE OF ART: No known designs 


5. DESCRIPTION Or TECHNOLOGY: 

Optical slip rings are needed to couple the optical data busses to each side of the 
rotary joint. Due to physical constraints these devices may not be located in the 
center of the joint but must be around the perimeter. The devices may not resemble 
slip rings but must perform the same function. 


6. RATIONALE AND ANALYSIS: 

Optical data busses must cross the rotary joint to link all of the controllers and the 
central computer in the Power Management System. The devices used to couple 
across the joint must work over a full 360 degrees of rotation and may be rotated 
the same direction for up to one million rotations. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


No. C-9 


1. TECHNOLOGY REQUIREMENT (TITLE): Optical Data Bus Rotary Joint Page 2 of 3 


7. TECHNOLOGY OPTIONS: 

a. Mirror System 

b. Li$it spreading termination 


8. TECHNICAL PROBLEMS: 
Reduction of coupling losses 


9. POTENTIAL ALTERNATIVES: 
U se RF (telemetry) link 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 


None 


11. RELATED TECHNOLOGY REQUIREMENTS: 



DEFINITION OF TECHNOLOGY REQUIREMENT No. C -9 


1. TECHNOLOGY REQUIREMENT (TITLE): Optical Data Bus Rotary Joint Page 3 of 3 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 


TECHNOLOGY 
Trade Study 
Design 

Prototype Testing 


CALENDAR YEAR 


SCHEDULE ITEM 1 79 

SO | 31 1 32 | S3 

34 35 

1 36 

i 37 | 

i 38 39 

90 ] 

91 92 93 94 95 


FUNDING LEVEL 
(In SI. 000. 1978 dollars) 



13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES 



15. LEVEL OF STATE OF THE ART: 

n) Basic phenomena observed and 
reported 

^2^ Theory formulated to describe 

V-/ phenomena 

3. Theory tested by pnysical experiment 
or mathematical model 

4. Pertinent functions or characteristic 
demonstrated, e.g.. material, 
component 


5. Component or breadboard-tested in 
relevant environment in laboratory 

6. Model tested in aircraft environment 

7. Model tested in space environment 

8. New capability derived from a much 
lesser operational model 

9. Reliability upgrading of an opera- 
tional model 

10. Lifetime extension of an operational 
model 
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DEFINITION OF TECHNOLOGY REQUIREMENT No. C-10 

1. TECHNOLOGY REQUIREMENT (T1TLS: Micrometeorite Protection for Pace 1 of 3 
Insulated Components 

2. TECHNOLOGY CATEGORY: Components 

3. OBJECTIVE'ADVANCcMENT REQUIRED: Methods to provide high voltage Insulatio n 
between conductive surfaces which will not be comprised by particle penetration* 

4. CURRENT STATE OF ART: Provide shielding and sufficient thickness to prevent 

complete penetration. 


3. DESCRIPTION OR TECHNOLOGY: 

Methods are required to maintain the integrity of insulation between high voltage 
conductors in the face of penetrations by small particles, leaving "tracks" or holes 
which plasma or other material can fill, allowing for conduction. 


6. RATIONALE AND ANALYSIS: 

Orbital spacecraft have the probability of encountering micro-meteorites which are 
energetic enough to penetrate exterior surfaces. External components, such as 
solar arrays and busses will have high voltage surfaces near low voltage or structural 
ground surfaces with insulation between them, for simple structural design. If the 
insulation is penetrated, the hole provides the opportunity for a conductive path since 
it can fill with plasma or conductive products of thecolusion. 






DEFINITION OF TECHNOLOGY REQUIREMENT 

No.C -10 

1. TECHNOLOGY REQUIREMENT fTITLS: Micrometeorite Protection for 
Insulated Components 

rage 2 or 3 

7. TECHNOLOGY OPTIONS: ^ 


a. Provide configurations (i.e. , Coax) where insulation shielding is inherent in 
the structure. 

b. Provide separate micro-meteorite shields (not practical for solar arrays). 

c. Provide more dense insulating material to reduce the likelihood of complete 
penetration. 

d. Use viscous or chemically reacting insulating materials that could "heal" 
themselves. 

8. TECHNICAL PROBLEMS: 

a. High weight of shielding or dense insulating materials. 

b. No practical concept for self-healing materials. 

9. POTENTIAL ALTERNATIVES: 

Provide space platform designs where surfaces with large electrical potentials 

between them are physically separated. (Typical distances would be on the order 

of 1.0 meter for 1000V). 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 
None currently planned 


11. RELATED TECHNOLOGY REQUIREMENTS: 


> i 

3652-97 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


No. C-10 


1. TECHNOLOGY REQUIREMENT (TITLE): Mlcormeteorite Protection fo r Pa9 e 3 of 3 
Insulated Components __ • _____ — 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 


CALENOAR YEAR 


SCHEDULE ITEM 


79 ! 80 I 8 1 1 82 I S3 84 35 86 37 38 I 89 | 90 


91 92 93 94 95 


TECHNOLOGY 

Trade Study 
Predesign Protection 
Schemes 

Breadboard and Test 


FUNDING LEVEL 
(In SI. 000. 1978 dollars) 


25 


50 


50 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


TOTAL 


NUMBER OF LAUNCHES 


14. REFERENCES 


15. LEVEL OF STATE OF THE ART: 

Basic phenomena observed and 

/^Theory formulated to describe 
phenomena 

3. Theory tested by pnysical experiment 
or mathematical model 

4. Pertinent functions or characteristic 
demonstrated, e.g.. material, 
component 


5. Component or breadboard-tested in 
relevant environment in laboratory 

6. Model tested in aircraft environment 

7. Model tested in space environment 

8. New capability derived from a much 
lesser operational model 

9. Reliability upgrading of an opera- 
tional model 

10. Lifetime extension of an operational 
model 


3652-53 
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DEFINITION OF TECHNOLOGY REQUIREMENT No. C-ll 

1. TECHNOLOGY REQUIREMENT (TITLE): Coaxial Power Transmission p gGg i 0 f 3 
Line Development 

2. TECHNOLOGY CATEGORY: Components 

3. OSJECnvSAOVANCSMENT REQUIRED: Development of a low loss, low inductance, 

low external field, high voltage, high power, transmission line. 


4. current Si ate of ART: _ nq development in this area 


3. DESCRIPTION OR TECHNOLOGY: Power Transmission line meeting the following 
requirements: 

a. 250KW at 1000 VRMS AC at 20-30KHZ. 

b. Minimum series inductance 

c. Losses 1 . 0% at full load 

d. Minimum external fields 

e. Lenght - approx. 50 meters 

f. "Party line connection of branching busses along its length to parallel loads. 

g. Passive cooling 


6. RATIONALE AN0 ANALYSIS: 

The recommended AC system transmits power at 20-30KHZ and the line is part of a 
series L-C re s onant . link . — H i g h . fr e q uency- and low-weight considerations make the 
basic conductor choice hollow cylinders; — - - — 


Minimum external field and minimum inductance (so as not to effect resonant link 
characteristics) creates a requirement making the cylinders concentric, effectively 
a coax. 


See attached diagram for a typical configuration. 



DEFINITION OF TECHNOLOGY REQUIREMENT 

No. c-11 

1. TECHNOLOGY REQUIREMENT (TITLE): _ 

Coaxial Power Transmission 

Page 2 of 3 

Line Development 




7. TECHNOLOGY OPTIONS: 


a. Concentric cylinders 

b. Twisted hollow conductors, surrounded by a conventional woven or foil shield. 


8. TECHNICAL PROBLEMS: 

a. Losses to the surrounding plasma through resonant coupling. 

b. Definition of inductance and characteristic impedance. 

c. Insulating materials (good thermal conductivity). 

d. Connections at the load branches/ growth & taps. 

e. Thermal gradients and analysis . 

9. POTENTIAL ALTERNATIVES: 

Conventional cables with increased losses and inductance. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 
None planned. 


11. RELATED TECHNOLOGY REQUIREMENTS: 

Low loss dielectric materials (C-5), AC plasma coupling as a function of voltage and 
frequency (D-3), distributed/split DC-AC-AC/DC resonant converter (S-l). 

" — —————— 3652-37 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


No. c-ll 


1. TECHNOLOGY REQUIREMENT (TITLE): Coaxial Power Transmts; 
Line Development 


Page 3 of 3 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 


SCHEDULE ITEM 


TECHNOLOGY 

Configuration Modeling 
Final Configuration 
Development 
Build Repr. 50 M. Line 


FUNDING LEVEL 
(In 51,000. 1978 dollars) 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES • 


CALENOAR YEAR 




LEVEL OF STATE OF THE ART: 

Basic phenomena observed and 
reported 

Theory formulated to describe 
phenomena 

Theory tested by physical experiment 
or mathematical model 
Pertinent functions or characteristic 
demonstrated, e.g.. material, 
component 


5. Component or breadboard-tested in 
relevant environment in laboratory 

6. Model tested in aircraft environment 

7. Model tested in space environment 

8. New capability derived from a much 
lesser operational model 

9. Reliability upgrading of an opera- 
tional model 

10. Lifetime extension of an operational 
model 


3652-53 


A3-42 








• MINIMUM INDUCTANCE (25/ih vs 175 ^h) 

• MAXIMUM NOISE CANCELLATION 

• MINIMUM NEAR FIELDS FOR COUPLING 



Preliminary power trans mis sion line design (cross section). 


A3- 43 



DEFINITION OF TECHNOLOGY REQUIREMENT No. C -12 

wri i r~a»a^ w — sim— — — w ^ iib — — — m— — o— — : ga*— — i^a — ^mwbm 

1 . TECHNOLOGY REQUIREMENT (TITLS: Ht gh Voltage, High Current ? 9Ce 1 of 3 
Connectors (DC System) 

2. TECHNOLOGY CA i cijORY: Components 

3. 08JECT1VE'A0VANCS.MENT REQUIRED: High voltage, high current payload 
connector for use in plasma environment. 


4. CURRENT STATE OF ART: 


5. DESCRIPTION OF TECHNOLOGY: 

High voltage, high current connectors will be needed to support the DC distribution 
system. Currently, manned spacecraft have been using multiple low current 
connector pins and low (28Vdc) voltages. 


6 . RATIONALE ANO ANALYSIS: 

The optimum voltage for the DC system is about 700 VDC. The power levels involved 
are such that 50 amp connector pins would also be needed to support this system. 


.3-44 






DEFINITION OF TECHNOLOGY REQUIREMENT 


No. C-12 


1. TECHNOLOGY REQUIREMENT (TITLE): High Voltage, High Current Page 2 of 3 

Connectors 

7. TECHNOLOGY OPTIONS: 

a. Exlusion of plasma environment (similar to underwater connectors). 

b. Multiple low current pins. 

c. Physical separation of pins with opposite voltages. 


3. TECHNICAL PR08LEMS: 

Not enough is known about plasma problems to arrive at a final solution. 


9. POTENTIAL ALTERNATIVES: 
Hardwiring with bolts and bussbars. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 
None planned 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Plasma characteristics research 



[DEFINITION OF TECHNOLOGY 


1. TECHNOLOGY REQUIREMENT (TITLE): High 
Connectors 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 


SCHEDULE ITEM 


TECHNOLOGY 

■ 

1 

] 

1 



Conceptual Analysis 
Materials Research 
Design 
Testing 

1 

! 

; 



— ■ 

— 

— 

FUNDING LEVEL i 

(In $1,000, 1973 dollars) 

j 

i 

i 



25 

SO 

100 

50 

13. USAGE SCHEDULE: 

TECHNOLOGY NEED DATE 


r 



1 


NUMBER OF LAUNCHES 


n 

| 


L 


14. REFERENCES • 







15. LEVEL OF STATE OF THE ART: 

(f) 8asic phenomena observed and 
reported 

( 2 ) Theory formulated to describe 
phenomena 

3. Theory tested by physical experiment 
or mathematical model 

fh Pertinent functions or characteristic 
demonstrated, e.g.. material, 
component 




.3-46 



5. Component or breadboard's ted in 
relevant environment in laboratory 

6. Model tested in aircraft environment 

7. Model tested in space environment 

8. New capability derived from a much 
lesser operational model 

9. Reliability upgrading of an opera- 
tional modei 

10. Lifetime extension of an operational 
model 


3652-33 








DEFINITION OF TECHNOLOGY REQUIREMENT 


No. C-13 


1. TECHNOLOGY REQUIREMENT (TITLES: Magnetic Power Disconnects p scs 0 f 3 
(including circuit breaker applications) 

2. TECHNOLOGY CATEGORY: Components 

3. OSJECTIVE'AOVANCcMSNT REQUIRED: Development of a "split" transformer - 
such that the secondary can be separated from the primary for purposes of module 
power connects. 


A CURRENT STATE OF ART: 


3. DESCRIPTION OF TECHNOLOGY: 

A safe, positive means for interconnecting the various modules of the spacecraft is 
required. An "interleaved" transformer concept would solve this problem because 
there would be no exposed conductors to accidentally short in case of a misalignment 
during docking. This technology could also be extended to include magnetically 
coupled circuit breakers which would not cause a plasma arc when operating an 
overloaded circuit. 


6. RATIONALE ANO ANALYSIS: 

To date, no known manufacturers have addressed this problem. Standard electrical 
connectors may have increases in contact resistance over a 10 year anticipated life- 
span and cause intermittants if connected and disconnected very often. Since both 
parts of this device would be made of the same material, thermal problems should 
be reduced. This connector would provide the combined functions of disconnect, 
level load isolation, and load transformer, while keeping the interface fully protected 
from the environment. 








DEFINITION OF TECHNOLOGY REQUIREMENT No. c-13 

1. TECHNOLOGY REQUIREMENT (TITLS: Magnetic Power Disconnects Page 2 of 3 

7. TECHNOLOGY OPTIONS; 

a. Interleaved primary and secondary wife stacked cores. 

b. Flat interface wife gapped ferrite cores. 


3. TECHNICAL PROBLEMS; 

a. Thermal design and gradient effects. 

b. Mate/demate mechanism and connector structural design. 

c. External magnetic field of open connector. 

d. Thermal cycling effect on structural design. 

9. POTENTIAL ALTERNATIVES; 

High voltage, plasma tolerant conventional connector. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 


None planned 


11. RELATED TECHNOLOGY REQUIREMENTS; 

High flux, high frequency core materials. 

3652-97 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


No. 


C-13 


1. TECHNOLOGY REQUIREMENT (TITLE): Magnetic Power Disconnects Page 3 of 3 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 

79 30 3 1 j 32 j 33 I 34 j 35 | 36 1 37 | 38 1 39 ) 90 '| 9 1 1 92 1 93 1 94 j 95| 


SCHEDULE ITEM 


TECHNOLOGY 

Design Feasibility Study 
Prototype Design & Test 
Mechanical Concepts 


FUNDING LEVEL 
(In SI, 000, 1978 dollars) 


25 


SO 


i 1 1 j ; ; ; i 

13. USAGE SCHEDULE: 



■ 



TECHNOLOGY NEED DATE 

■ 

■ 

4 

■ 

■ 

■ 

■ 

■■ 

■ 

■ 

■ 

■ 

■ 

■ 

T 

S; ■ 

OTAL 

i 

NUMBER OF LAUNCHES 

■ 

■ 

■■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

1 

■ 

■ 

■ 

■ 

n 


14. REFERENCES • 


15. LEVEL OF STATE OF THE ART: 

n) Basic phenomena observed and 
^ reported 

( 2 ) Theory formulated to describe 
v ” / phenomena 

3. Theory tested by pnysical experiment 
or mathematical model 

4. Pertinent functions or characteristic 
demonstrated, e.g.. material, 
component 


5. Component or breadboard-tested in 
relevant environment in laboratory 

6. Model tested in aircraft environment 

7. Model tested in space environment 

8. New capability derived from a much 
lesser operational model 

9. Reliability upgrading of an opera- 
tional model 

10. Lifetime extension of an operational 
model 

‘ 3652-53 
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Example of detailed process - see article/etc. 


DEFINITION OF TECHNOLOGY REQUIREMENT 


1. TECHNOLOGY REQUIREMENT (TITLE): _£ 


2. TECHNOLOGY CATEGORY: CnmnnnP, 

3. OeJECTIVE'AOVANCEMSNT REQUIRED: 
current (100A) power FET's. 



.Page i of 3 


Higher voltage (1KV) and higher 


. CURRENT STATE OF ART: 100V, 28A, 0.55 ohms 


3. DESCRIPTION Or TECHNOLOGY: 

High voltage (1KV) power FET's will be needed to decrease losses in switching 
type power conversion equipment. 


6. RATIONALE AND ANALYSIS: 

Conventional FET's such as the V-mos power FET and the newly announced HEXFET 
have undergone improvements since their introduction in mid-1977. The primary 
progress which has been made has been in the area of "on" resistance with the max- 
imum Drain-to-Source voltage ratings remaining almost constant over the years. In 
order for these devices to be useful development of devices with higher Drain-to- 
Source voltage ratings is necessary. The inherent high speed and high gain of these 
devices makes FET’s more desirable than bipolar devices for switching applications. 









DEFINITION OF TECHNOLOGY REQUIREMENT 

No. • C-14 

1. TECHNOLOGY REQUIREMENT (HTL3: Power FET' s 

Pace 2 of 3 


7 . Technology options: 

a. Different material 

b. Different device geometry 


a. TECHNICAL PROBLEMS: 

a. Present FET devices do not have sufficient voltage ratings. 

b. Present FET devices do not have sufficient current ratings. 

9. POTENTIAL ALTERNATIVES: 

a. Cascade available FET devices and accept increased losses in output and 
driver circuits. 

b. Develop suitable bipolar devices. 

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

500V, 50A may be available by 1985. 

Industry does not consider this a priority product line. Therefore, low priority 
development programs are underway. 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Semiconductor (FET) manufacturing technology. 

" 3652-37 


A3- 51 



DEFINITION OF TECHNOLOGY REQUIREMENT 
~ TECHNOLOGY REQUIREMENT (TITLE): Power FET's 


No. C-14 
Page 3 of 3 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 1 

79 } 30 

SI I 32 

S3 | 84 | 

35 | 

86 1 

S7 S8 

39 

90 | 91 | 92 | 

93 | 94 | 

m 

TECHNOLOGY 
Define Problems 
Define Materials 
Optimize Material and 
Geometry 
Pilot Runs 
Qualification 
Production 



— 
















- 

FUNDING LEVEL 
(In Sl.OCO, 1978 dollars) 

Development 

Qualification 

Production 


1 

50 

100 

100 














13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 




1 

□ 

□ 



"1 

1 

1 . 
1 


■ 

■ 

■ 

■ 


TOTAL 

i 

NUMBER OF LAUNCHES 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

1 

■ 

■ 


L 



14. REFERENCES • 


15. LEVEL OF STATE OF THE ART: 



Basic phenomena observed and 
reported 

Theory formulated to describe 
phenomena 

Theory tested by physical experiment 
or mathematical model 



Pertinent functions or characteristic 
demonstrated, e.g.. material, 
component 


5. Component or breadboard.tested in 
relevant environment in laboratory 

6. Model tested in aircraft environment 

7. Model tested in space environment 

'tL) New capability derived from a much 

^ lesser operational model 

9. Reliability upgrading of an opera- 
tional model 

10. Lifetime extension of an operational 
model 


A3- 52 








DEFINITION OF TECHNOLOGY REQUIREMENT 


No. 


C-15 


1. TECHNOLOGY REQUIREMENT (T1TLS: Standard Optical Data Bus Pace i or 2 
Interface Hardware 

2. TECHNOLOGY CATEGORY: Components 

3. OBJ ECTIVE'AOVANCEMENT RPm iirph- Standard interface for use at RPC's and 
other PMS components. 


4. CURRENT STATE OF ART: Many independent companies competing for the 
business. Early version MIL-STD-1553FO released. 


c. DESCRIPTION OF TECHNOLOGY: 

Standard serial data bus communications interface capable of receiving commands 
and sending data; compatible with standard systems and formats; probably optical 
for this time period; in accordance with a later version of M3L-STD-1553FO or its 
successor. 


6. RATIONALE AND ANALYSIS: 

The many elements and automated control of a PMS for this size space platform will 
make direct, single wire interconnection for each function, command, and data input 
or output totally unmanageable. This makes serial data bus interconnection the only 
reasonable choice, thereby generating the need for a standard interface module. 






DEFINITION OF TECHNOLOGY REQUIREMENT 


No. C-15 


1. TECHNOLOGY REQUIREMENT (TITLE): Standard Optical Data Bus Page 2 of 2 

Interface Hardware 

7. TECHNOLOGY OPTIONS: 

a. Optical Data Bus 

b. Wired Data Bus 


8. TECHNICAL PROBLEMS: 
a. Selection of an appropriate standard. 


9. POTENTIAL ALTERNATIVES: 
Parallel hard-wired interconnection. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

Many, from many independent companies, many government contracts - make 
development imminent .without additional assistance from PMS programs . 

No Page 3 required. 


11. RELATED TECHNOLOGY REQUIREMENTS: 


3652-97 
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DEFINITION OF TECHNOLOGY REQUIREMENT No. C-16 


1. TECHNOLOGY REQUIREMENT (TITLEl: Federated Computer Page 1 of 2 

System Hardware 

2. TECHNOLOGY CATEGORY: Components 

3. O8JECT1VBA0VANCEMENT REQUIRED: Development of a federated computer 
control/data system capable of managing the PMS. 


4. CURRENT Si ATE OF ART: Many micro -computers and control systems now 

being developed. 


5. DESCRIPTION OF TECHNOLOGY: 

A group of small computers communicating with one-another and with other remote 
terminals to ascertain the status of, and issue commands to control and manage the 
PMS based on determinations of space platform status, power capability status, load 
demands and priorities, and manual inputs from astronaut/crew members. 


6. RATIONALE ANO ANALYSIS: 

Control and communication systems for large, complex vehicles are rapidly moving 
toward this type of design. Rapid improvements in micro-computers and data 
communication hardware has made this approach cost effective and reliable; and it 
is suited to the integrated control of this type of space platform including PMS 
functions . 


A3- 55 





DEFINITION OF TECHNOLOGY REQUIREMENT No. c-16 


1. TECHNOLOGY REQUIREMENT (TITLE;: Federated Computer Page 2 of 2 

System Hardware 


7. TECHNOLOGY OPTIONS: 

Many individual system architectures. 


8. TECHNICAL PROBLEMS: 
Selection of appropriate hardware. 


9. POTENTIAL ALTERNATIVES: 
Centralized computer control approach. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

Many now under way, DIS promises to provide exactly the lype of system needed. No 
PMS funds need to be expended in this area, except to monitor developments. 


No page 3 required. 

11. RELATED TECHNOLOGY REQUIREMENTS; 


Federated computer system software (0-17) 

3652-97 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


C-17 


1. TECHNOLOGY REQUIREMENT (T1TLS: Federated Computer 
System Software 


2. TECHNOLOGY CATEGORY: Components 


.Page i of 2 


3. O3JECT1VEA0VANCSMSNT REQUIRED: Development of general control software 
for the PMS computer control function. 


4. CURRENT STATE OF ART: Many systems now working or under development. 


3. DESCRIPTION OR TECHNOLOGY: 

The software for the computer system to direct overall system operation and 
communication, and to provide redundancy management and control. 


S. RATIONALE AND ANALYSIS: 

This type of general purpose software is a basic system requirement, not dependent 
on the actual detailed PMS configuration, and can be developed as part of the general 
computer problem. 






DEFINITION OF TECHNOLOGY REQUIREMENT No. C-17 


1. TECHNOLOGY REQUIREMENT (TITLE): Federated Computer Page 2 of 2 

System Software 


7. TECHNOLOGY OPTIONS: 

Many variations - depending on hardware chosen. 


8. TECHNICAL PROBLEMS: 
None 


9. POTENTIAL ALTERNATIVES: 
Centralized computer approach software. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

Many now under way. DIS promises to provide exactly the type of system required. 
No PMS funds need to be expended in this area except to monitor developments. 


No page 3 required. 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Federated computer system hardware (C-16). 

3652-37 
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■DEFINITION OF TECHNOLOGY REQUIREMENT No.C-18 

1. TECHNOLOGY REQUIREMENT (T1TL5: Improved Performance Triacs p^cs i 0 f 2 

2. TECHNOLOGY CATEGORY: Components 

3. OeJECTIVSAOVANCEMENT REQUIRED: AC switching components with improved 
parameters as shown below. 

v i 

4. CURRENT STATE OR ART: DRM = 600V; T = 40A RMS 


3. DESCRIPTION OF TECHNOLOGY: 

Bi-directional AC switching components with the following ratings; 

= 2000 VPK 

DRM 

I = 50A RMS 

T 


6. RATIONALE ANO ANALYSIS: 

AC switch elements are required for redundancy management and high voltage isolation 
functions. Thyristor technology is developed to meet the necessary requirements. 

Triacs are Bi-directional devices and therefore provide simpler implementation of 
AC switch functions than SCR's. 


A3- 59 








DEFINITION OF TECHNOLOGY REQUIREMENT 


No. C-18 


1. TECHNOLOGY REQUIREMENT (TITLE): Improved Performance Triacs Rage 2 of 2 


7. TECHNOLOGY OPTIONS: 

a. Improved ratings 

b. Parallel SCR's 


8. TECHNICAL PROBLEMS: 


9. POTENTIAL ALTERNATIVES: 

a. Electro-mechanical switches 

b. Transistor switches 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 
Thyristor technology is capable of meeting these requirements; triacs, being more 
convenient implementations should progress toward SCR ratings . 

No page 3 required. 

11. RELATED TECHNOLOGY REQUIREMENTS: 


3652-97 
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(DEFINITION OF TECHNOLOGY REQUIREMENT No. C-19 

1. TECHNOLOGY REQUIREMENT fTlTLE): Improved Performance Page 2 of 2 

Bipolar Semiconductors 

7. TECHNOLOGY OPTIONS: 

a. Improved designs 

b. Series or parallel combinations of present devices 


3. TECHNICAL PROBLEMS: 


9. POTENTIAL ALTERNATIVES: 

a. Change system voltages 

b. Use electro-mechanical switches 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

LeRC has a continuing program which resulted in the development of the D60T and 
should be continued to provide the improvements shown. 


No page 3 required. 


11. RELATED TECHNOLOGY REQUIREMENTS: 



DEFINITION OF TECHNOLOGY REQUIREMENT No. D-l 

1 . TECHNOLOGY REQUIREMENT iTITLah Hi S h Frequency Power for ?aca , of 3 
"Standard" Test Equipment 

2. TECHNOLOGY CATEGORY: Data 

3. OSJECTIVE'AOVANCEMENT REQUIRED: Assessment of impact on standard test 

equipment if the input power frequency increases 20KHZ. 


A CURRENT STATE OF ART: 60HZ equipment the rule with a little 400HZ equin- 

ment becoming available. 


3. DESCRIPTION OF TECHNOLOGY: 

Changes in power supply design to operate at frequencies in excess of 20 KHZ . Chan- 
ges in instrument character when line frequency functions are used. These are for 
"standard" laboratory type equipment such as scopes, meters, power supplies, 
counters, etc. 


6 . RATIONALE AND ANALYSIS: 

High frequency magnetic components and filter elements offer significant advantages 
from a size and weight point of view. Components designed to run from AC power can 
realize the same benefits. The PMS and components can be more cost effective if 
there is no need to interpose a frequency-changing cycloinverter in the power inter- 
face to reduce the frequency to 60 or 400 HZ. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


No. D-l 


1. TECHNOLOGY REQUIREMENT (TITLE): High Frequency Power for rage 2 of 3 

"standard" Test Equipment 

7. TECHNOLOGY OPTIONS: 

a. Design "standard" equipment for use in orbit to be compatible with high 
frequency power inputs . 

b. Provide a standard test equipment converter or replaceable plug-in module. 


8. TECHNICAL PROBLEMS: 

Current equipment not designed this way. 


S. POTENTIAL ALTERNATIVES: 

Provide system cycloinverters to supply 400 HZ or 60 HZ to the platform payloads. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

None planned - This program would be a survey only to define the problem in suffi- 
cient detail to make a decision to request manufacturere to provide new designs or 
incorporate cycloinverters into the PMS. 


11. RELATED TECHNOLOGY REQUIREMENTS: 

Integrated/ split DC-AC-DC/AC Resonant Converter (S —1) . 


3652-37 
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C2) © 


12. TECHNOLOGY REQUIREMENTS SCHEDULE; 


SCHEDULE ITEM 
TECHNOLOGY 

Perform Survey 


FUNDING LEVEL 
(In SI, 000, 1973 dollars) 


13. USAGE SCHEDULE; 
TECHNOLOGY NEED DATE 


CALENOAR YEAR 


30 

31 i 32 i 33 

34 

35 | 86 1 37 

38 | 39 | 90 | 91 

92 | 93 

94 1 95 

| 




14. REFERENCES • 


15. LEVEL OF STATE OF THE ART; 

Basic phenomena observed and 
reported 

Theory formulated to describe 
phenomena 

3. Theory tested by pnysical experiment 
or mathematical model 

4. Pertinent functions or characteristic 
demonstrated, e.g.. material, 
component 


5. Component or breadboard-tested in 
relevant environment in laboratory 

6. Model tested in aircraft environment 

7. Model tested in space environment 

8. New capability derived from a much 
lesser operational model 

9. Reliability upgrading of an opera- 
tional model 

10. Lifetime extension of an operational 
model 










DEFINITION OF TECHNOLOGY REQUIREMENT ' No. D-2 

1. TECHNOLOGY REQUIREMENT (TITLE: EMI-EMC Specifications for po Ce of 3 

High Power, High Frequency . 

2. TECHNOLOGY CATEGORY: Data 

3. OBJECTIVE'ADVANCEMSNT REQUIRED: Creation of a spec of modification of 

current ones to address the system having high ( 20KHZ) Power line frequencies. 


A CURRENT STATE OF ART: Specs for AC power systems designed around 

60HZ or 400HZ. 

5. DESCRIPTION OR TECHNOLOGY: 

New specifications required similiar to MIL-STD-1541 for this class of system. 
Specific recommendations to be added. 


6. RATIONALE AND ANALYSIS: 

Unique characteristics of space systems having power systems operating at these 
power levels and frequencies have not been addressed. 


2552-30 


A3- 6 6 






DEFINITION OF TECHNOLOGY REQUIREMENT 


No. • D-2 


1. TECHNOLOGY REQUIREMENT (TITLE): EMI-EMC Specifications for Page 2 of 3 
High Power, High Frequency 

7. TECHNOLOGY OPTIONS: 

a. Modify present spec. (MIL^STD-1541) 

b. Provide new spec. 


3. TECHNICAL PROBLEMS: 
None - Specification only 


9. POTENTIAL ALTERNATIVES: 
None - Specification only 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 
None Planned 


11. RELATED TECHNOLOGY REQUIREMENTS: 

Distributed/ split DC-AC-DC/AC Resonant Converter (S-l). 





DEFINITION OF TECHNOLOGY REQUIREMENT 


No. D-2 


1. TECHNOLOGY REQUIREMENT (TITLE): EMI -EMC Specifications for 
High Power. High Frequency • 


Page 3 of 3 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 


CALENDAR YEAR 


SCHEDULE ITEM 


79 1 30 1 31 j 32 j 33 | 34 [351 36 1 37 j 38 | 39 | 90 | 91 | 92 | 93 1 94 


95 


TECHNOLOGY 

Solicit New Spec 
Inputs from Industry 
Write New Spec Revision 


FUNDING LEVEL 
(In 5 LOCO. 1978 dollars) 


25 


■ '■ 1 1 1 

13. USAGE SCHEDULE: 





■ 


TECHNOLOGY NEED DATE 

■ 

■ 

■ 

■ 

4 

L 



[ 

i 


■ 

■ 

■ 

■ 

■ 

TOTAL 

i 

NUMBER OF LAUNCHES 





L 



. 



L 








14. REFERENCES 


15. LEVEL OF STATE OF THE ART: 

Q) Basic phenomena observed and 
reported 

^2) Theory formulated to describe 
phenomena 

3. Theory tested by physical experiment 
or mathematical model 

4. Pertinent functions or characteristic 
demonstrated, e.g.. material, 
component 


5. Component or breadboard-tested in 
relevant environment in laboratory 

6. Model tested in aircraft environment 

7. Model tested in space environment 

8. New capability derived from a much 
lesser operational model 

9. Reliability upgrading of an opera- 
tional model 

10. Lifetime extension of an operational 
model 

: 3652-56 


A3- 6 8 








DEFINITION OF TECHNOLOGY REQUIREMENT No. D-3 


1 . TECHNOLOGY REQUIREMENT (TITLED: Power Loss to Ionosphere Po Ce i 0 f 3 
from A.C. Transmission Lines 


2. TECHNOLOGY CATEGORY: _HVSA 

3. OBJ ECT 1 V A 0 V A N CEMENT REQUIRED: Calculate power loss to ionosphere from 

an A.C. transmission line operating near or at the ion plasma frequency. 


4. CURRENT S 1 ATE OF ART: ,__Co mputer c od es for .plasma.^unulation a r e , rendily. 
available from the magnetic fusion program. 


3. DESCRIPTION OR TECHNOLOGY: 

A computer simulation of the ionospheric plasma and transmission line is needed to 
determine the reaction of the plasma to the oscillating fields. Such a simulation will 
provide information as to power loss to the plasma, contours of equi-potential surfaces , 
and non-linear limitations. 


6 . RATIONALE ANO ANALYSIS: 

It has been found that operation in an A.C. mode at 20-40 KHZ is desired. However, 
this frequency range corresponds to the ion plasma frequency range for the operational 
altitudes. Thus, it is important to determine the power losses to be expected when the 
operational frequency matches the ion plasma frequency. 


A3 - 6 9 






DEFINITION OF TECHNOLOGY REQUIREMENT No. D _ 3 

1. TECHNOLOGY REQUIREMENT (TITLE): Power Loss to Ionosphere from Page 2 of 3 
A. C. Transmission Lines 

7. TECHNOLOGY OPTIONS: 

a. Operate at frequencies which are not resonant with any plasma modes. 

b. Use coaxial transmission lines. There will still be some need for the calculation 
in the event currents are not balanced. 


3. TECHNICAL PROBLEMS: 

The major complication will be inclusion of satellite motion, which will effectively 
change the problem from one-dimensional to two-dimensional, and inclusion of the 
Earth's magnetic field. 


9. POTENTIAL ALTERNATIVES: 

The alternative is to experimentally determine the power loss. However, it will be 
difficult to find a vacuum chamber in which one can have an effectively infinite plasma 
with ultra-high vacuum conditions . 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 
None identified. 


11. RELATED TECHNOLOGY REQUIREMENTS: 

Calculation of wake structure 

' 3652-97 


A3- 70 



C2) <3> f" 


DEFINITION OF TECHNOLOGY REQUIREMENT 


1. TECHNOLOGY REQUIREMENT (TITLE): 
A.C. Transmission Lines 


nver Los 


No- D-3 


Page 3 of 3 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 


SCHEDULE ITE 


TECHNOLOGY 
Test Program 


FUNDING LEVEL 
(In SI, 000. 1978 dollars) 


CALENDAR YEAR 





13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 



14. REFERENCES 


LEVEL OF STATE OF THE ART: 

Basic phenomena observed and 
reported 

Theory formulated to describe 
phenomena 

3. Theory tested by pnysical experiment 
or mathematical model 

4. Pertinent functions or characteristic 
demonstrated, e.g.. material, 
component 


5. Component or breadboard-tested in 
relevant environment in laboratory 

6. Model tested in aircraft environment 

7. Model tested in space environment 

8. New capability derived from a much 
lesser operational model 

9. Reliability upgrading of an opera- 
tional model 

10. Lifetime extension of an operational 
model 


3652-53 

A3- 71 








DEFINITION OF TECHNOLOGY REQUIREMENT 


No. D-4 


1. TECHNOLOGY REQUIREMENT IT1TLS: Prevention of Arcing on High pace 1 o:2 
Voltage Spacecraft Components 

2. TECHNOLOGY CATEGORY: HVSA 


3. OSJECTIVSAOVANCSMSNT REQUIRED: Determine design criteria tor high 
voltage spacecraft components to prevent damage due to arcing. 


4. CURRENT STATE OF ART: 


5. DESCRIPTION OF TECHNOLOGY: 

The arcing phenomenon cannot be readily quantified. To assure optimum design of 
components will require an experimental program where high voltage elements are 
placed in a chamber with conditions similar to those expected in space. This should 
allow general information on component design and also provide a procedure for 
testing components before sending them into space. 


6. RATIONALE AND ANALYSIS: 

The high voltage components of the HVSA spacecraft will normally be shielded from 
the ambient plasma in a pressurized compartment. It is possible, should the com- 
partment become depressurized, for these components to come into contact with the 
plasma, with the possibility of damaging electrical discharges between component 
surfaces. Such discharges have been observed experimentally. 


3S52-96 


A3- 7 2 







(DEFINITION OF TECHNOLOGY REQUIREMENT 


No. D-4 


1. TECHNOLOGY REQUIREMENT (TITLE): Prevention of Arcing on High Rage 2 of2 
Voltage Spacecraft Components 

7. TECHNOLOGY OPTIONS: 

Keep components from coming in contact with ionosphere. 


3. TECHNICAL PROBLEMS: 
None Identified 


9. POTENTIAL ALTERNATIVES: 

Calculations can be performed, but reliability will be low and cost high. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 
Studies of arcing are planned by NASA, but it is not known if these will include 
components under consideration. Further information will be obtained from 
satellites currently in NASA Planning. 


No page 3 required. 

11. RELATED TECHNOLOGY REQUIREMENTS: 

a. Arcing between HVSA surfaces, HVSA surfaces and structures, and trans- 
mission lines. 

b. Determination of secondary emission coefficients. 






DEFINITION OF TECHNOLOGY REQUIREMENT 


No. D-5 


1. TECHNOLOGY REQUIREMENT (T1TLH1: Secondary Emission from Pac s 1 of 2 

HVSA Surfaces 

2. TECHNOLOGY CATEGORY: Hisfr Voltage Solar Arrays 

3. OBJECTIVE'ADVANCSMENT REQUIRED: Measurement of secondary emission 
coefficient for of, ions on solar array materials for energies from O, 2 KeV to 20 KeV 


+ 

A CURRENT STAT= OF ART: Coefficients only known for O 2 on Mo, W. 


3. DESCRIPTION OF TECHNOLOGY: 

The equipment required to conduct this study is: a positive ion source, vacuum system 
accelerating and focusing electrodes, power supplies, and miscellaneous current and 
voltage recording devices. Briefly, the measurement consists of extracting an ion 
beam from the ion source, focusing the beam onto the surface to be studied, and 
measuring the current delivered to the target and the secondary electron current 
produced. 


6. RATIONALE AND ANALYSIS: 

Measurement of secondary emission coefficients is necessary for designing high 
voltage solar arrays for use at LEO. The data is needed to: 

1. Calculate power loss from the solar arrays to the ambient plasma at LEO. 


2. Determines design which will minimize damage to HVSA surfaces and thus 
improve performance and lifetime. 




[DEFINITION OF TECHNOLOGY REQUIREMENT 


No. -D-5 


1. TECHNOLOGY REQUIREMENT (TITLE): Secondary Emission from Rage 2 of 2 

HVSA Surfaces 

7. TECHNOLOGY OPTIONS: 

a. Operate at voltages where secondary emission is not expected to be very great. 

b. Determine power loss from HVSA experimentally. This will be costly. 


8. TECHNICAL FR06LEMS: 

No serious thecnical problems should be encountered, as the measurement is quite 
straight-forward. The only problems that might arise are: precise definition of 
the surface, and build up of charge on an insulating surface that could impede or 
even prevent further ion bombardment. 


9. POTENTIAL ALTERNATIVES: 


None 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 
Currently in NASA planning. 


No page 3 required. 


11. RELATED TECHNOLOGY REQUIREMENTS: 

a. Secondary emission may contribute to arcing phenomena. 

b. Power loss of solar array to ambient plasma. 


L 






DEFINITION OF TECHNOLOGY REQUIREMENT 


No. D-6 


1. TECHNOLOGY REQUIREMENT (TITLE: Prevention of Arcing on Pace 1 of 2 

HVSA surfaces 

2. TECHNOLOGY CATEGORY: High Voltage Solar Array 

3. 08J ECT1VE/ADVANCEMENT REQUIRED: Determine design criteria to prevent 

damage to HVSA systems due to electrical discharge. 


A CURRENT STATE OF ART: Laboratory experiments with current designs show 
extensive arcing at high voltage. 


5. DESCRIPTION OF TECHNOLOGY: 

Experiments are needed to investigate the mechanisms involved in arcing on HVSA 
surfaces. Specific areas of investigation include surface heating during breakdown, 
background gas pressure and species evolved near arc surfaces, and the change in 
surface resistivity during breakdown. To accomplish these studies, experimental 
apparatus includes a large high or ultra-high vacuum chamber, residual gas analyzer 
and a gas pressure measurement system. 


6. RATIONALE AND ANALYSIS: 

It has been found experimentally that high voltage solar arrays, in a plasma environ- 
ment similar to conditions at LEO, will suffer from electrical discharges which may 
damage electrical components. Further experiments are needed to ascertain what 
characteristics of the space plasma environment and solar array structure lead to 
arcing. This information will allow design of dependable high voltage solar array 
systems . 


A3- 76 






DEFINITION OF TECHNOLOGY REQUIREMENT 


No. d-6 


1. TECHNOLOGY REQUIREMENT (TITLE): Prevention of Arcing on Page 2 of 2 

HVSA Surfaces 

7. TECHNOLOGY OPTIONS: 

a. Operate at low voltage (less than 1000 V) 

b. Insulate all conducting surfaces from space plasma. This might fail due to 
micrometeorite damage to insulation. 

c. Overdesign power system to accommodate loss of components due to arcing. 


3. TECHNICAL PROBLEMS: 

It will prove difficult to perform these studies at gas pressures expected in the 
ionosphere. Also, measurement of gas pressure near the arcing surface will not 
be easy. 


9. POTENTIAL ALTERNATIVES: 

Prime alternative is to perform experiments in space. Such work is being conducted, 
however, it is very expensive. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

Currently NASA is performing a series of experiments in this area. It is not clear 
that the NASA programs will attempt work at higher vacuums , or will attempt all of 
the studies suggested herein. Further information is being obtained from actual 
satellite data currently in NASA planning. 

No page 3 required. 

11. RELATED TECHNOLOGY REQUIREMENTS: 

a. Arcing between structural materials and array surface, transmission lines, and 
spacecraft components . 

b. Power loss of solar array to ambient plasma. 

c. Determination of secondary emission coefficients. 



DEFINITION OF TECHNOLOGY REQUIREMENT 


No. o_7 


1. TECHNOLOGY REQUIREMENT (TITLE): Space Qualified Thyristors/ ? S ce 1 of 3 
Triacs 

2. TECHNOLOGY CATEGORY: Data 

3. OSJECTlveAOVANCcMENT REQUIRED: Provide for qualification of standard 
commercial devices now in use for the special stresses of the space environment. 



4. CURRENT STATE OF ART: Devices now developed for commercial, terrestrial 

service. 


3. DESCRIPTION OF TECHNOLOGY: 

Provide data and qualification testing, where necessary, to verify that available, 
commercial devices will meet the unique environmental requirements for orbital 
service. 


6. RATIONALE AND ANALYSIS: 

The recommended AC system approach allows the opportunity to conveniently use 
this family of devices as switch elements (for isolation, etc) since turn-off is sim- 
plified. Terrestrial demand in AC utility systems will provide devices with suffi- 
cient capability for this application. 

However, verification will be required to guarantee proper performance over their 
expected life (10 years) in the orbital environment. 


A3- 7 8 







DEFINITION OF TECHNOLOGY REQUIREMENT 


No. D-7 


1. TECHNOLOGY REQUIREMENT (TITLE): Space Qualified Thyristors/ Page 2 of 3 
Triacs 

7. TECHNOLOGY OPTIONS: 

a. Provide for full MIL-qualification 

b. Perform only those tests necessary to verify capability. 

c. Qualify by analysis and comparison to other similar components. 


3. TECHNICAL PROBLEMS: 
None - Data only 


9. POTENTIAL ALTERNATIVES: 

Use other devices - Electro-mechanical switches, transistors, or power FET’s. 


10. PLANNED PROGRAMS OR UNFERTURBED TECHNOLOGY ADVANCEMENT: 
None planned. 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Distributed/ split DC-AC-DC/AC Resonant Converter (S-l). 




No. D-7 


DEFINITION OF TECHNOLOGY REQUIREMENT 

1. TECHNOLOGY REQUIREMENT (TITLE): Space Qualified Thyristors/ Page 3 of 3 

Triacs • — — 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


| SCHEDULE ITEM 

79 

30 

31 j 82 I 33 

34 | 

35 | 86 

37 

£ 

O' 

CO 

00 

00 

91 92 

93 | 94 95 | 


TECHNOLOGY 
Qual Testing 

1 

1 


1 

















FUNDING LEVEL 
(In 51,000, 1973 dollars) 

1 

i 

i 

u— — — ■ — 
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13. USAGE SCHEDULE: 


.. 

TECHNOLOGY NEED DATE 


1 




□ 
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1 










TOTAL 

\ 

NUMBER OF LAUNCHES i 




| 
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14. REFERENCES - 


15. LEVEL OF STATE OF THE ART: 

fT) Basic phenomena observed and 
reported 

(Q Theory formulated to describe 
phenomena 

(5) Theory tested by pnysical experiment 
or mathematical model 

(Z) Pertinent functions or characteristic 
demonstrated, e.g.. material, 
component 


5. Component or breadboard-tested in 
relevant environment in laboratory 

6. Model tested in aircraft environment 

7. Model tested in space environment 

8. New capability derived from a much 
lesser operational model 

<£ 9 ) Reliability upgrading of an opera- 
tional model 



3652-53 


A3- 80 




DEFINITION OF T 


iNOLOGY REQUIREMENT 


No. D-8 


1. TECHNOLOGY REQUIREMENT (TITLS: Space Qualified Slip Rings p zge ^ 0 f 3 
for High Power 

2. TECHNOLOGY CATEGORY: Data 

3. O 8 J ECT1 V E'A 0 V A N OEM EN T REQUIRED: Provide for qualification of standard 
high power devices, for the orbital environment and life. 


4. 


CURRENT STATE OF ART: 120 KW 


DESCRIPTION OF TECHNOLOGY: 


Provide data and qualification testing, where necessary, to verify that available 
devices will meet the unique environmental requirements for ten year orbital 
service. 


6. RATIONALE AND ANALYSIS: 


The alternate DC system approach requires a multiple slip ring assembly for 
redundant power transfer across the rotary joint. Approximately 400 KW is required 
and may be divided between as many rings as required without adding significant 
weight from the modular approach. Today's units are capable of 120 KW each with 
approximately 225 KW forecasted for 1985. 








DEFINITION OF TECHNOLOGY REQUIREMENT 


No. D-8 


1. TECHNOLOGY REQUIREMENT (TITLE): Space Qualified Slip Rings Page 2 of 3 

for High Power 

7. TECHNOLOGY OPTIONS: 

a. Provide full MIL-qualification. 

b. Perform only those tests necessary to verify capability. 

c. Qualify by analysis and comparison to other similar components. 


8. TECHNICAL PROBLEMS: 

None - for gathering test data. 

10 year life may be difficult to show. 


9. POTENTIAL ALTERNATIVES: 

a. AC system with rotary transformer. 

b. Flexible cables with periodic "unwinding". 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

None 

11. RELATED TECHNOLOGY REQUIREMENTS: 

' ' 3652-97 


A3- 82 



DEFINITION OF TECHNOLOGY REQUIREMENT 


1. TECHNOLOGY REQUIREMENT (TITLE;: Space Qualified Slip Rings 
for High Power 


No. D-8 


Page 3 of 3 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 


SCHEDULE ITE 


TECHNOLOGY 

Qual Testing and 
Analysis 


FUNDING LEVEL 
(In Sl.OCO, 1978 dollars) 


CALENOAR YEAR 


BlBilKIWgiflE 



13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES 



15. LEVEL OF STATE OF THE ART: 

Q Basic phenomena observed and 
reported 

fl) Theory formulated to describe 
^ phenomena 

Theory tested by pnysical experiment 
or mathematical model 
/£) Pertinent functions or characteristic 
demonstrated, e.g.. material, 
component 


Component or breadboard-tested in 
relevant environment in laboratory 

Model tested in aircraft environment 
Model tested in space environment 

New capability derived from a much 
lesser operational model 

Reliability upgrading of an opera- 
tional model 

Lifetime extension of an operational 
model 
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